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(54) Monitoring methods and devices for use therein 



(57) Methods, devices and test Icits for monitoring 
the ovulation cycle, involve testing the body fluid, e.g. 
urinary, concentration of one or more analytes. Prefera- 
bly estrone-S-glucuronide and luteinizing hormone are 
both measured, and a reference concentration for E3G 



is established at about day 6 of the current cycle. Pref- 
erably, disposable testing devices are used, in conjunc- 
tion with a relatively permanent electronic reader/moni- 
tor. The number of "daily" tests required per month can 
be minimised. 
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OBJECTIVES OF THE INVENTION 

An objective of the present invention is to provide a system for monitoring the fertility status of an individual subject, 
which provides sufficient warning of the onset of the fertile phase to enable contraceptive advice to be given and which 
can be personalised to the individual subject, while being based solely on body fluid analyte measurements. The inherent 
unreliability, or limited usefulness, of other measuring systems (such as BBT) can thereby be avoided. A further objective 
is to avoid the use of average data obtained from population studies, with Its inherent risk that In an Individual subject, 
the parameter under test can fluctuate considerably from the population norm. 

Another objective of the invention is to provide a monitoring system which is fail-safe', in terms of advising the user 
of the onset of the fertile phase, without denying the user of the benefits of a simple overall procedure and limited testing 
regime. 

A further objective is to provide the option of basing an effective monitoring system solely, or at least primarily, on 
the measurement of a single body fluid analyte. such as estradtol or a metabolite thereof. Other advantages of the 
invention will be apparent from the following description. 

Another objective of the invention is to provide a testing regime which is a good balance between the desire to 
minimise the testing burden on the user and the need to give the user worthwhile advice about the fertility status. 

Another objective of the present invention is to provide a method and devices for determining the presence and/or 
concentration of two or more anatytes in a single sample liquid when at least one of the anafytes is a multivalent analyte 
which is readily detemiined by means of two different specific binding agents in a "sandwich-format" complex, whereas 
another of the analytes is a monovalent analyte, such as a hapten, which is not amenable to determinatbn via a sand- 
wich-reaction. 

It is a further objective of the invention to provide such a dual analyte assay method/device in which a particulate 
• direct label is used to reveal the result of both assays. 

The use of particulate direct labels is already known in simpler assay systenns. Sometimes the use of particulate 
direct labels enables the assay result to be evaluated easily by eye. This may also be the case in assays in accordance 
with the present Invention, although it is envisaged that in general the results of the assays will wore conveniently and 
effectively be evaluated instrumentally. 

A yet further object of the invention is to provide an assay method/device in which multiple analytes in a single 
sample liquid can be determined accurately in a strip-format assay device which is interpreted instrumentally using 
electromagnetic radiation (eg. light) passed through the thickness of the assay strip. The strip material can be translucent 
or transparent. The extent of binding of particle labels in a detection zone in the strip can provide a quantitative assay 
result, because the particles can bkx;k light or other radiatton and therefore reduce the transmission of the radatlon 
through the strip. 

Another objective of the invention is to produce improved combinations of assay result reading devices and asso- 
ciated sample testing devices which can provide accurate quantitative assay infomfiation in a simple, quick and cost-ef- 
fective manner. 

GENERAL DESCRIPTION OF THE INVENTION 

For the purposes of illustration only, the invention will be described in relation to the measurement of urinary analytes, 
and especially "ESG" (estrone-3-glucuronide) and "LH" (luteinizing hormone). 

In addition to estrone-3:glucuronide already mentioned, estradiol metabolites that can also be assayed for the pur- 
poses of the invention include estradiol-3-gIucuronide, estradiol-17-glucuronide, estrioN3-glucuronide, estrioi-l6-glu- 
curonide and (principally for non-human subjects) estrone-3-sulphate. As will be appreciated from the following descrip- 
tion, the invention can readily be applied to data derived from the measurement of body fluid concentrations of other 
analytes of significance in relation to the status of the ovulation cycle. Generally, the nnost suitable analytes are hormones 
and their metabolites. Follicle stimulating homione (FSH) is an example. Examples of alternative body fluids, which are 
relatively accessible, are saliva, crevicular fluid, sweat, sebum, tears and vaginal fluid. In principle internal fluids, such 
as blood, can be used but are generally not preferred because they can only be accessed by invasive techniques. 

The skilled reader will also appreciate that the body fluid "concentration" of the chosen analyte or analytes need 
not be measured in absolute terms, although this can of course be done if desired. Generally, it will be sufficient to assay 
an analyte in a manner whfch yields a signal, convertible to numerical data, related to the actual concentration, so that 
such data can be compared with similar data obtained at a different stage in the cycle to determine whether or not a 
significant change in actual concentration has occurred. Accordingly, where the specification and claims below refer to 
the "concentration" of an analyte, this expression should be interpreted broadly. 

In one aspect, the invention provides a test kit for use in monitoring the ovulatfon cycle of a female mammal, espe- 
cially a human^ comprising a plurality of disposable testing devices for sampling and testing a body fluid, such as urine, 
and providing readable signals Indfcative of the concentrations of at least two analytes in the body fluid, said analytes 
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being of significance in relation to the fertility status of the ovulation cycle, together with an electronic reader/monitor for 
reading and interpreting said readable signals to provide the user with an Indication of said fertility status, wherein: 

a) said readable signals are read while one of said testing devices is located within a receiving means of said 
s reader/monitor; 

b) said readable signals are created by concentrating a first detectable material, preferably a labelled reagent, in a 
first detection zone of a porous carrier, such as a test strip, within said testing device and by concentrating a second 
detectable material, preferably a labelled reagent. In a second detection zone of said porous carrier, while said 

10 sampled body fluid is flowing, e.g. by caplllarrty. through said porous carrier, said second detection zone preferably 
being downstream from said first detection zone relative to a receiving portion of said testing device which is con- 
tacted with said body fluid to initiate the test; 

c) said first detection zone signal is indicative of the body fluid concentration of a first analyte, preferably luteinizing 
IS hormone (LH), which exhibits a significant concentration change closely associated with the time of actual ovu lation; 

and 

d) said second detection zone signal is indicative of the body fluid concentration of a second analyte, preferably 
estradiol or a metabolite thereof such as estrone-3-glucuronide (ESQ), which exhibits a significant concentration 

20 change In advance of the onset of the fertile phase of said ovulatbn cycle. 

Preferably, said readable signals are read by optical transmission through said testing device. Ideally, to achieve 
this, the reader/monitor comprises: 

2S a) a source of diffuse light having a wavelength that is strongly absorbed by said detectable materials; 

b) sensing means to sense incident light from said source; 

c) means for receiving and holding said testing device with each of said detection zones in a light path between 
30 said source and said sensor; and 

d) electronic means connected to said sensing means, said electronic means being programmed to derive from 
sensed Incident light a measure of the extent to which detectable material has become concentrated in each of said 
detection zones. 

3S 

Preferably said readable signals are created by concentrating particle-labelled reagents in the respective detection 
zones. 

Preferably, the test kit contains a sufficient plurality of disposable testing devices to enable a user to conduct testing 
on a one-per-day basis for a maximum of 16 days in any one ovulation cycle. An important embodiment of the invention 
40 is a replacement pack, containing a plurality, preferably not more than 12, and ideally 7 to 10, of disposable testing 
devices to replenish a test kit preferably plus instructions to the user to use ail of said testing devices during the course 
of one ovulation cycle. 

The invention also provides a method of monitoring the human ovulation cycle, using a test kit as set forth above 
wherein testing is conducted at least once during the interval spanning days 1 to 7 inclusive calculated from the onset 

4S of menses, to establish a reference concentration value or signal for said second analyte in the current cycle, said testing 
is temporarily ceased, and then testing is conducted at least once (preferably daily) during a period of days commencing 
at least 5. preferably at least 6, numerical days in advance of the mean numerical day on which actual ovulation has 
occurred over one or more previous ovulation cycles in the same individual subject, second analyte concentration values 
or signals obtained during said period of days being compared with the reference concentration value or signal to de- 

so termine whether a concentratbn change indicative of imminent ovulation is occurring or has occurred since the previous 
test. As a preferred fail-safe feature, the start of the fertile phase is declared if the expected significant change in second 
analyte concentration has not been detected prior to at least 2, preferably at least 3, days before the numerk:al day in 
the current cycle on which actual ovulation Is predicted to occur, based on knowledge derived from first analyte concen- 
tration measurements obtained in one or more previous cycles. 

ss More generally the invention provides a method of monitoring the fertility status of an individual female mammalian 

subject, involving testing of the body fluid concentration of an analyte, especially estradiol or a metabolite thereof, in 
which method said testing is conducted at least once during the Interval spanning days 1 to 7 inclusive of the current 
cycle, to establish a reference concentration value or signal for the current cycle, and said testing Is also conducted 
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later in the current cycle, following a temporary cessation, and the concentration value or signal then obtained is com- 
pared to the reference value or signal. 

An important aspect of the Invention is a method of monitoring the current fertility status of an individual human 
female, Involving testing of the body fluid concentration of estradiol or a metabolite thereof and comparing the test result 

s with a reference value or signal to ascertain whether an elevated concentration indicative of imminent ovulation is 
present, wherein the reference value or signal for the current ovulation cycle is established by testing the body fluid 
concentration in the same individual at least once during the inten^al spanning days 1 to 7 Inclusive of the current cycle. 

In a preferred embodiment the invention provides a method of monitoring the cun-ent fertility status of an individual 
female mammal, involving the detection in the change of a parameter indicative of imminent entry into the fertile phase, 

10 wherein the start of the fertile phase is declared If the parameter change expected has not been detected prior to at 
least 2, preferably at least 3, days before the numerical day in the cun'ent cycle on which actual ovulatbn is predicted 
to occur, based on knowledge gained In previous cycles in the same individual. For the purposes of predicting the 
ovulation day, the "mean ovulation day" procedure as set out herelnbelow can be used. This fail-safe declaration of the 
fertile phase can be combined to advantage with any of the cycle monitoring techniques described hereinbelow. 

IS More particularly, the invention provides a method of monitoring the current fertility status of an individual human 

female, involving testing of the body fluid concentration of estradiol or a metabolite thereof and comparing the test result 
with a reference value or signal to ascertain whether an elevated concentration indicative of imminent ovulation is 
present, wherein the reference value or signal for the current cycle is established by testing the body fluid concentration 
in the same individual at least once during the inten/al spanning days 4 to 7 inclusive, preferably on days 5 and/or 6, of 

20 the current cycle, testing is recommenced on day 9 of the current cycle and continued thereafter on at least a daily basis 
at least until a significantly elevated concentration is detected, and the status of the current cycle is declared to be lertile' 
for the interval commencing on the day of significantly elevated concentration detection and for at least the immediately 
successive 1 2 days or until evidence of cycle termination (e.g. commencement of menses) is obtained, whichever occurs 
earlier As an optional refinement of this method, if a significantly elevated concentration is not detected on or before 

2S day 15, the cycle is declared "fertile" for the interval lasting for at least 14, preferably 15, days immediately following day 
15, or until evidence of cycle termination is obtained, if this occurs earlier. 

Another important aspect of the invention is a human contraception method, involving: 

a) testing the urinary concentration of estradiol or a metabolite thereof in the female partner at least once during 
30 the interval spanning days 4 to 7 inclusive, preferably on days 5 and/or 6, of the current cycle to establish a reference 

value or signal for the current cycle; 

b) testing the urinary concentration again on an at least daily basis commencing on day 9 of the current cycle and 
continuing until day 15 (preferably day 14) of the current cycle; and 

3S 

c) avoiding unprotected intercourse during the interval lasting for at least 12 days immediately following the day on 
which a significantly elevated urinary concentration is detected or, if a significantly elevated urinary concentration 
is not detected by day 1 5 (preferably day 1 4), avoiding unprotected intercourse during the inten/al lasting for at least 
14, preferably 15, days immediately following day 15 (preferably day 14), in either case the interval optionally being 

<o terminated earlier in the event of evidence of cycle termination (e.g. commencement of menses) being obtained. 

In a first embodiment, the invention provides a method of monitoring the fertility status of an individual female mam- 
malian subject, involving testing of the body fluid concentration of at least one analyte of significance in relation to the 
status of the ovulation cycle during the pre-ovulatlon phase, wherein testing for said analyte is conducted at least once 

45 during the interval spanning days 1 to 7 inclusive of the current cycle calculated from the onset of menses (day 1 being 
the day on which menstruation is first observed), to establish a reference concentration value or signal for said analyte 
in the current cycle, and thereafter testing is conducted at least once (generally repeatedly, e.g. daily) prior to a day on 
which ovulation is likely to occur during the cycle, analyte concentration values or signals obtained during said later or 
repeated testing being compared with the reference concentration value or signal to determine whether a concentration 

so change indicative of imminent ovulation is occurring or has occurred since the previous test. 

In a preferred embodiment, the invention provides a method of monitoring the fertility status of an individual female 
subject, involving testing of the body fluid concentration of at least one analyte of significance In relation to the status 
of the ovulation cycle during the prenDvulation phase, wherein testing for said analyte is conducted at least once during 
the interval spanning days 1 to 7 inclusive calculated from the onset of menses (day 1 being the day on which menstru- 

55 ation is first obsen^ed), to establish a reference concentration value or signal for said analyte in the current cycle, and 
.then testing is conducted at least once (generally repeatedly, e.g. daily) during a period of days commencing at least 5, 
and nrtore preferably at least 6, numerical days in advance of the mean numerical day on which actual ovulation has 
occurred over one or more prevtous ovulation cycles in the same individual subject, analyte concentration values or 
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signals obtained during said period of days being compared with the reference concentration value or signal to determine 
whether a concentration change Indicative of imminent ovulation is occurring or has occurred since the previous test. 
Generally, the repeated testing need not be commenced earlier than about 9 days in advance of the mean ovulation day. 
Preferably, the concentration reference value is established from test{s) conducted during the interval spanning 
5 days 4 to 7 inclusive, more preferably from test(s) conducted on day 5 and/or day 6, and most preferably from a single 
test conducted on day 6. 

A significant change in analyte concentration indicative of imminent ovulation, particularly appropriate when the 
analyte Is estradiol or a metabolite thereof, will generally be noted when the ratio of the reference concentration [r] to 
the test concentration [i] meets the following criteria: 

1.5sfls2.5 
(r) 

In particular, especially when the analyte is E3G and the reference value is established on day 6: 

is If the chosen assay format by means of which concentration data is obtained yields a signal which is inversely 

proportional to actual concentration, as may be the case in a competition assay, it will be appreciated by the skilled 
reader that the relationship between [i] and [r] signals will be the inverse of those given above. 

It is generally envisaged that there will be a gap of at least one day, and more usually several days, between es- 
tablishment of the concentration reference value and the commencement of repeated testing, during which gap no 

20 testing need be conducted. Thus, in the Ideal situation, the user performs a single test at an early stage of thee cycle, 
eg on day 6, and several days later commences a relatively brief schedule of repeated, eg daily testing, which is termi- 
nated after sufficient information has been derived to identify the fertile phase, preferably including an indication of the 
end of the fertile phase in that cycle. Typically this termination of testing will be on the day of LH surge, or within a few 
days thereafter, so that the remainder of the cycle is test-free. 

2S Conveniently, the body fluid can be urine. A very suitable anatyte Is therefore estradiol or a metabolite thereof, such 

as estrone-3-glucuronide. 

Preferably, in one embodiment of the invention, the mean ovulation day is derived from data collected during at 
least 3, and more preferably at least 5, consecutive prevbus cycles. 

Ideally, the mean ovulation day used to calculate the time interval for the purposes of the current cycle is derived 
30 from data obtained during at least the immediately preceding cycle. 

A particulariy convenient method involves the determination of the mean ovulation day from data obtained from a 
"rolling" reference base consisting of a fixed number of consecutive cycles immediately preceding the current cycle. 
Preferably this rolling reference base consists of the immediately preceding 3 to 12 cycles, more preferably the imme- 
diately preceding 5 or 6 cycles. By having such a rolling reference base, any progressive 'drift" in the occurrence of 
35 ovulation in the individual concerned can be picked up and accounted for in the allocation of the next repeated testing 
commencement day. 

The invention includes a test kit comprising one or more testing devices for detennining the concentration (in relative 
or absolute terms) of said at least one analyte in said body fluid, together with instructions advising the user to commence 
said testing during said time interval, and means enabling a user to derive said time interval and/or a precise testing 
40 commencement day from knowledge of the numerical day on wh ich actual ovulation occurred during at least one previous 
ovulation cycle of the user. 

Another independent aspect of the invention, which may nevertheless be combined to advantage with any method 
as set forth above, involves: 

45 a) providing the user with a plurality of disposable body fluid testing devices, said plurality preferably being at least 

7. but preferably not greater than 12; and 

b) directing the user to use all of said provided testing devices during a single ovulation cycle, in accordance with 
a predetermined testing schedule, irrespective of whether an indication of imminent ovulation has been obtained 
so before all of said provided testing devices have been used. 

Preferably, the user is directed to perform one test on day 6, and to use all of the remaining testing devices on a 
dally basis during the repeated testing period. 

The invention also provides a kit for use in any of the methods as set forth above, comprising a plurality of disposable 
55 body fluid testing devices, together with means for reading and interpreting the results of tests perfomied using said 
testing devices. 

The invention also encompasses a replenishment pack of disposable body fluid testing devices for use in any of 
the methods as set forth above, with directbns to the user to use ail of said contained disposable testing devices during 
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the course of a single ovulation cycle. Preferably the pack contains not more than 12 testing devices, wore preferably 
at least 7 but not more than 10 devices. 

By requiring the user to use all of a numerically-small single batch or set of disposable testing devices per cycle, 
there are advantages both for the user and for the manufacturer of the devices. The user benefits because the "monthly" 
s testing schedule is simplified - there is no need for a decision to be taken on when to stop the repeated testing, or about 
using up during subsequent cycles testing devices left over from earlier cycles. For the manufacturer, there is assurance 
that data for each cycle is derived from a single batch of testing devices, thus eliminating problems of standardisation 
that might othen/vise arise, and reducing the complexity of any monitor required to Interpret the test data. No activity by 
the user is required to ensure calibration of the assays. The disposable testing devices can be supplied in standard 
10 "monthly" replenishment packs, streamlining the packaging operation. Because the problem of "leftover* testing devices 
is eliminated, one possible cause for customer enquiries Is also avoided. 

An advantage of the methods of the present invention is that effective monitoring of the ovulation cycle can be 
achieved using data derived solely from the measurement of body fluid analyte concentration (s). It is unnecessary to 
combine this data with other parameters. In particular, there is no need to supplement this data with routine measurement 
IS of basal body temperature. 

By adopting a concentration reference value from data in the early part of the current cycle, the methods of the 
invention avoid the need for calibration and ensure that the base-line reference Is personal to the subject under test 
This leads to a clearer indication of the significant pre-ovulation concentration change, compared to prevfously proposed 
methods based on day-to-day measurements. 
20 The analyte chosen for providing the warning of imminent ovulation is not critical to the inventton, provided that the 

analyte exhibits a detectable concentration change within the time inten^al between the commencement of testing (as 
determined herein) and a safe time in advance of actual ovulation in the current cycle. 

The invention can be applied in any method of monitoring the status of a current ovulation cycle of an individual 
human female subject involving the measurement of a body fluid analyte of significance in relation to the status of 
25 ovulation cycle and which exhibits a detectable change during the pre-ovulation phase of the cycle occurring at least 2 
and more preferably at least 3 days in advance of the day of actual ovulation. 

The following description is provided, by way of example only, in relatbn to the urinary hormones E3G, luteinizing 
hormone (LH), and pregnanediol-3-glucuronide (P3G), although it will be readily appreciated that the principles of the 
method can be used in relation to other biochemical markers, for example the hormones estradiol and progesterone, 
30 found for example in the blood or in saliva. The method of the invention may be used in combination with observations 
of other physiological signs of the level of fertility in a female, of which she is aware, or can readily be made aware of. 
e.g. markers in other body fluids. 

Ovulation day can be determined by any of the known chemical or physiological parameters, although a preferred 
method is by measuring the level of LH. Once the LH surge has been detected, it can be said that ovulation Is imminent. 
35 Also, the day of the cycle on which ovulation has occurred can be noted for future reference. If the LH surge is detected, 
and hence the day of ovulation accurately pinpointed, it can be indicated to the user with a very high degree of certainty 
that the subject will no longer be fertile four days hence (3 days after ovulation). For practical purposes, a urinary LH 
concentration of 20 mlU/ml can be regarded as a universal threshold indicative of the LH surge under virtually all cir- 
cumstances. 

40 The expression "LH surge" is used herein to mean the dramatic rise in LH concentration that precedes the event 

of ovulation. In the art, reference is made also to "LH max", i.e. the peak concentration of LH. In the majority of individuals, 
these are for all practical purposes simultaneous, when the cycle is monitored on a day-by-day basis. However, in a few 
individuals, periiaps 20% of the population, the actual peak concentration of LH is not obsen/ed until the day following 
the main concentration rise. For the purposes of the invention, we prefer to use the observable rise as the critical pa- 

45 rameter. 

Alternatively, or in addition, the end of the fertile phase can be declared on the basis of knowledge of the estradiol 
(or metabolite thereof) concentration, in the current cycle. Conveniently, this may be declared on a set day following a 
peak concentration value. Because the peak concentration of urinary E3G, for example, appears to be a less readily 
detectable event than the LH surge, the E3G 'peak" may be defined by reference to a threshold value, determined for 
so example by the relationship 

> 2.5, preferably s 3 

the "peak" being taken to occur on the day when this relationship is first satisfied during the testing regime adopted in 
the current cycle. The inverse relationship will apply if the E3G signal in inversely proportional to actual concentration. 
55 In some instances this may be the same day as the significant E3G rise indicative of imminent ovulation is detected. 
When the E3G "peak" has been detected, the fertile phase can be assumed to end on the sixth, or more safely the 
seventh or eighth, day later. In this embodiment, the inventk>n provides the option of a method of nrranitoring fertility In 
the current cycle based solely on data derived from estradiol/metabolite assays. For the purposes of a fail-safe procedure, 
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based on knowledge of the ovulation day in previous cycles, the E3G peak can be used, as this typically occurs about 
1 day in advance of actual ovulation. 

Another method for predicting the end of the fertile period (though not so accurately the day of ovulation) is to 
measure the levels of the urinary hormone P3G. P3G has a relatively low level in urine until the start of the luteal phase, 

5 at which point Its level rises fairly sharply. Therefore, once an elevated level of P3G is detected, it can be indicated to 
the user that the luteal phase of the cycle - ie. the terminal infertile period - has commenced. An elevated level of urinary 
P3G can be based on data taken during the current and/or one or more preceding cycles. An 'elevated' P3G level can 
be recorded, for example, when either the level of P3G detected is greater than the sum of the four previous recorded 
levels of P3G in the same menstmal cycle, or greater than 3500 ng/ml, whichever of these two thresholds is lower and 

10 is first achieved. Once an "elevated' P3G level is recorded, the subject can be advised that she Is infertile for the re- 
mainder of that cycle. 

If desired, the detection of either LH or P3G can be used as a trigger to indicate that the subject is no longer fertile 
until the end of the cycle, with one hormone acting as a "back up" to the other. However, it is preferred that the detection 
of LH be used as a primary indicator of whether ovulation has or is about to occur, since the detection of LH lends itself 

IS to more accurate determination of the exact ovulation day than the use of P3G. 

Methods of detecting body fluid analytes, such as urinary horrrwne metabolites, suitable for the purposes of this 
method, are well known to those skilled in the art. In a preferred embodiment, the analyte is detected by assay methods 
and devices as described in UK patent GB 2204398 and European patent application EP-A-383619. 

Where the method of the invention relies on measurement of a urine component, this must be done on a urine 

20 sample. A variety of immunoassay techniques are available which enable urine components to be measured. A wide 
variety of solid phase testing devices such as dipsticks and chromatographic strips have been described in the literature, 
and can readily be adapted for use in detemilnlng urinary analytes. The device should at least be capable of indicating 
relative levels of analyte, eg. E3G, In threshold bands. Examples of simple assay technology that can readily be adapted 
for use in the home is described, for example, in EP-A-225054, EP-A-1 83442. EP-A-1 86799 and EP-A-291194. Dis- 

2S posable assay strips such as those described in EP-A-291 1 94 which simply require to be contacted with urine and which 
provide an assay result in semi-qualitative form, eg. by means of a series of test zones on the strip which are progressively 
positive at higher urinary analyte levels, can be used. Multiple strips that respond at different analyte thresholds can be 
used, rather than a single strip. Alternatively, a visually readable quantitative assay can be based on progression of a 
visible, eg:.coloured. region or front" over a surface (eg. radial diffusion), using for example an enzyme-labelled assay 

30 In a more sophislkated embodiment of the invention, a recording device is provided which Incorporates means for 

reading the result of the urine assay, e.g. by measuring the absori^ance by or fluorescence from an assay strip. This 
may enable a more precise numercal indication to be given of the analyte level, and further enhance the accuracy of 
the method. 

In an embodiment of the invention in which two or more analytes are measured simultaneously, such measurement 
35 can if desired be performed using a single body fluid testing device, eg. a device incorporating multiple assay strips, or 
a single strip capable of independently detecting the level of the different analytes. 

GENERAL DESCRIPTION OF A PREFERRED ASSAY FORMAT 

40 In one embodiment, this aspect of the invention relates particularly to strip-format assays for the determination of 

monovalent analytes such as haptens. 

In another embodiment, the Invention relates in particular to Improved assays in which two or more analytes are 
determined simultaneously in the same sample. 

When an assay is intended to detect the presence and/or amount of just one analyte in a sample liquid, it is relatively 

45 easy to configure the assay conditions to achieve this result and to eliminate the effect of other components that may 
be present in the sample. However, when it is desired to use a single assay device to determine nnore than one d'rfferent 
analyte in the same sample liquid the task of "balancing" the conditions to ensure that the separate assay reactions 
proceed efficiently and effectively is much more difficult, especially in a strip-format assay. 

In another embodiment, the Invention provides a strip-format assay for a monovalent analyte (hapten) using a par- 

so ticulate direct label to reveal the assay result, in which assay the particulate label bears an antibody specific for the 
monovalent analyte and the detectton zone of the strip contains immobilised analyte or an analogue thereof. Each label 
particle carries a multiplicity of identical antibody molecules. As a reagent, the antibody-bearing particles can be stand- 
ardised during manufacture (ie. during application of antibodies to the particles) to ensure that within a given batch the 
loading of active antibody is constant. The concentration of analyte or analyte analogue in the detection zone should 

ss be in excess of the effective concentration (molar concentration) of antibody on the particles. It is not essential to have 
a constant antibody loading on each particle, because the number of particles can be varied. The quantity of particle-la- 
belted antibody available In the assay should be in excess, relative to the antk:ipate analyte concentration in the sample. 
These levels can be adjusted by experimentation so that the presence of free anafyte in the sample Iquid leads to a 
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significant level of binding of the free analyte to the antibodies on the particles and therefore significantly inhibits the 
possible binding of the particle label to the inamobilised analyte/analogue in the detection zone. The principle behind 
the assay is that on the average particle there is a sufficient number of active antibody molecules to ensure binding of 
the particle in the detection zone, but that nevertheless the presence of analyte in the sample has a limiting effect on 
this binding. The extent to which the particles become bound in the detection zone is therefore inversely proportional 
to the concentration of analyte in the sample liquid. In a strip-format assay the particle labelled antibody is placed 
upstream from the detection zone so that applied liquid sample encounters the particle labelled material and carries it 
to the detection zone. In this assay configuration it is necessary to ensure that the potential reaction between the free 
analyte and the particle-labelled antibody is at least substantially complete before these reagents reach the detection 
zone. The extent to which the particles bind to the immobilised anaiyte/analogue in the detection zone is therefore 
dependent on the residual uncomplexed antibody remaining on the particles. It is necessary to ensure that the concen- 
tration of immobilised anaiyte/analogue in the detection zone is high, to promote efficient capture of the particles as they 
pass through this zone. In order to enhance the efficiency of the previous binding of the particle-labelled antibody to free 
analyte in the sample liquid, it is very desirable that the antibody on the particles should have a very high affinity for the 
analyte. This affinity is preferably at least about lO^* and more preferably at least about 10^° litres/mole. The use of 
such high affinity antibodies ensures efficient capture of the free analyte by the particles, and moreover ensures that 
under assay conditions, once an analyte molecule has become bound to an antibody on the particle, it is very unlikely 
to be released or interchanged with an Immobilised anaiyte/analogue molecule as the particle passes through the de- 
tection zone. 

The general principles of the invention as set forth above apply also In an assay which is intended to determine two 
or more analytes, at least one of them being monovalent. 

In one embodiment, the invention provides a method of determining the presence and/or concentration of two or 
more analytes in a single sample liquid, such as a urine sample, at least one of said analytes being determinable by 
means of a sandwich-format binding reaction involving two binding reagents specific for different epitopes on said analyte 
and at least one other of said analytes being a hapten (and therefore not determinable readily by means of a sand- 
wich-format binding reaction), which method comprises the steps of: 

a) providing a device comprising a strip of porous material along which said sample liquid can migrate, the strip 
having two or more spacialty distinct detection zones (at least one per analyte to be determined) located downstream 

30 from the site of sample liquid addition to said strip, of which zones: 

i) at least one zone contains an immobilised capture agent being a specific binding agent for said first analyte 
or a specific binding agent which can capture a sandwich-forrnat complex including said first analyte, and 

35 ii) at least one other zone contains an immobilised capture agent which is either the hapten or an analogue 

thereof; 

b) providing two or more populations of particles capable of migrating through said strip with said sample liquid, of 
which populations: 

40 

i) at least one population carries a binding agent specific for said first analyte, or specific for another specific 
binding agent which can participate in a sandwich-format reaction with said first analyte, and 

ii) at least one population other carries a binding agent specific for said hapten; and 

c) causing said populations of particles to become suspended in said sample liquid and to migrate with said sample 
liquid through said strip; the presence of said first analyte in said sample liquid leading to binding of particles in said 
at least one detection zone in an amount directly proportional to the concentration of said first analyte in said sample 
liquid, and the presence of said hapten in said sample liquid leading to a reduction in binding of particles of said at 
least one other population in said other detection zone In an amount directly proportional to the concentratbn of 
said hapten in said sample liquid, the detection zone containing the immobilised hapten or immobilised hapten 
analogue being preferably sited downstream from the detection zone associated with the first analyte. 

An example of the first analyte is luteinizing honnnone (LH). An example of the second analyte is estradiol or a 
ss metabolite thereof, such as estrone-3-glucuronide (E3G). 

Preferably the particles are latex particles, which may be coloured. 

Most preferably the affinity of the anti-hapten specific binding agent is at least about 10®, preferably about 10^^ 
litres/mole. 
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Preferably the extent of particle binding In each of said detection zones is determined by measuring the extinction 
of electromagnetic radiation, such as light, when transmitted through the thickness of said strip. 

The invention also provides an assay device for use In the determination of two or more analytes in a single sample 
liquid, at least one of said analytes being determinable by means of a sandwich-format binding reaction involving two 
s binding reagents specific for different epitopes on said analyte and at least one other of said analytes being a hapten 
(and therefore not determinable readily by means of a sandwich-format binding reaction), the device comprising, pref- 
erably within a protective casing: 

a) a strip of porous material along which sample liquid can migrate; 

10 

b) two or more detection zones (at least one per analyte to be determined) on said strip, located downstream from 
the site of sample liquid addition to said strip, of which zones: 

i) at least one zone contains an immobilised capture agent being a specific binding agent for said first analyte 
IS or a specific binding agent which can capture a sandwich-format complex including said first analyte, and 

ii) at least one other zone contains an immobilised capture agent which Is either the hapten or an anabgue 
thereof; 

20 c) two or more populations of particles, located upstream from said detection zones, capable of migrating through 
said strip with said sample liquid, of which populations: 

I) at least one population carries a binding agent specific tor said first analyte, or specific for another specific 
binding agent also present in the device and which can participate in a sandwich-format reaction with said first 

2S analyte, and 

II) at least one other population carries a binding agent specific for said hapten; 

the presence of said first analyte in said sample liquid leading to binding of particles in said at least one detection zone 

30 in an amount directly proportbnal to the concentration of said first analyte in said sample liquid, and the presence of 
said hapten in said sample liquid leading to a reduction in binding of particles of said at least one other population in 
said other detection zone in an amount directly proportional to the concentration of said hapten in said sample liquid, 
the detection zone containing the Immobilised hapten or Immobilised hapten analogue being preferably sited down- 
stream from the detection zone associated with the first analyte. 

35 Preferably the strip material is at least translucent through its thickness. An Idea! strip material is nitrocellulose. 

Because the assay for the hapten is not a competition reaction in which there is the possibility of free interchange 
between analyte in the sample and analyte provided as a reagent in the assay (in this case the anatyte/analogue im- 
mobilised oh the strip) it Is essential that during the course of the assay sufficient opportunity Is provided for the analyte 
in the sample to become bound to the antibody bearing particles before these particles encounter the relevant detection 

40 zone on the strip. To ensure this it is desirable that there Is a comparatively long contact time between the particulate 
reagent and the sample. Accordingly within the limits of acceptable physical geometry of the assay device the detection 
zone containing the immobilised analyte/analogue should be as far downstream from the source of the particle labelled 
reagent as possible. In particular, where the assay device Is intended to determine two or more analytes In the same 
sample liquid and at least one of the other analytes is determined by means of a sandwich-fonnat reaction, the detection 

^ zone for the hapten should ideally be downstream from the detection zone or zones involved in the sandwich-format 
assays. 

A particular embodiment of the invention is therefore a dual analyte strip format assay for determining LH and E3G 
In an applied urine sample In which the two assay results are detected In specially distinct detection zones on the strip 
and the E3G zone Is downstream from the LH detection zone relative to the site of sample liquid application. 

so Assay devices comprising a strip of porous material along which liquid such as an applied sample can migrate by 

diffusion or capillarity to bring one or more assay reagents to a small detection zone in the strip, are now widely used 
for the qualitative and semi-quantitative analysis of analytes which can be detected by means of solid-phase sandwich 
assays. When direct labels, such as gold sols and coloured latex particles are employed, such assays can reveal the 
result in a form easily readable by the human eye. The result Is effected by concentrating the detectable material in the 

ss comparatively small region of the porous carrier material. 

In one embodiment, the invention provides a quantitative strip-formay assay in which the assay result Is revealed 
by binding in a detection zone a labelled reagent possessing multiple active binding sites specific for the analyte under 
test. The label is a detectable micro-particle, such as a (coloured) latex particle, metallic (e.g. gold) sold, dye sol, or 
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non-metallic elemental (e.g. carbon, selenium) particle, of a size sufficiently small to permit migration through the porous 
strip materia! but sufficiently large to permit the formation of a detectable end-result when the labelled material is con- 
centrated in the detection zone. Particulate labels of the types already used in strip-format sandwich assays are ideal. 
In a typical assay according to the invention, the multiple active specific binding sites in the labelled reagent are 
5 provided by having a multiplicity of identical antibodies, preferably monospecific (eg monoclonal) antibodies, attached 
to each label particle. 

Contrary to expectation, we have found that especially in a hapten assay the use of particulate labels possessing 
multiple identical active analyte-specific binding sites leads to a valuable Increase in sensitivity. We believe that the 
excess binding sites on the label particle allows effective binding of the particle in the hapten-bearing detection zone. 

10 However, perhaps because of the geometry of the system, which may be visualised as a planar detection zone surface 
and a more-or-less spherical label particle, the prior binding of merely a relatively small anriount of hapten analyte from 
a sample to the cun^ed surface of the label particle causes a degree of inhibition of binding of the label particle in the 
detection zone sufficient to influence the binding and cause a detectable effect. 

We believe that it is highly desirable that once an analyte molecule has become specifically bound to the label 

IS particle, it should remain so bound throughout the remainder of the assay protocol leading to the formation of the de- 
tectable assay result in the detection zone. One way of achieving this is by using a specific binding agent in the labelled 
reagent which has a very high affinity for the analyte. It is now conventional to use monoclonal antibodies having ana- 
lyte-affinities of 10^. We have found it advantageous to use, in the context of a strip-format hapten assay, labelled specific 
binding agents having analyte-affinities of at least about 1 0^ and more preferably of at least about 10''0, litres/moles. A 

20 good method for measuring affinity in solution is described in Friguet et al, J. Immunol Methods . Vol 77 (1 985) pages 
305-319. Monoclonal antibodies having such high affinities can be raised in the conventional manner and identified by 
normal selection procedures. Although it is desirable to use antibodies which exhibit high affinity in solution, this is not 
the only way of achieving this aspect of the inventbn. It Is occasionally observed that an antibody that exhibits compar- 
atively low affinity in solution can be transformed In Its effective properties when immobilised on a solid phase. 

2S An important embodiment of the invention is a quantitative strip-format assay for human body fluid analytes, espe- 

cially haptens. A particular example is such an assay for estradiol or a metabolite thereof, such as estrone-3-glucuronide 
(E3G). An especially important embodiment of the Invention is a strlp-formay assay for urinary E3G which is capable of 
quantitatively determining the E3G over a concentration range of 5-60 ng/ml urine. Such an assay is particularly well 
suited for use in a procedure intended to provide a user with an awareness of the fertility status of an ovulation cycle, 

30 the body fluid concentration of estradiol or a metabolite thereof being recognised as a useful indicator of such status. 

If desired, an assay device according to the invention, as set forth above, can additionally Include the ability to 
determine other analytes in the same sample, if appropriate by employing conventional sandwich assay technology. For 
example, one embodiment of the invention is a strip-format assay device which can provide a quantitative detennination 
of urinary E3G, as set forth above, and simultaneously a quantitative determination of urinary luteinizing hormone (LH) 

35 by means of a sandwich assay procedure, the E3G and LH results being revealed in two separate detection zones. 
Conveniently, in such a combined assay, the label can be the same for each assay, although the skilled reader will of 
course appreciate that two populations of label particles would normally be required, one carrying multiple binding sites 
for the E3G and the other carrying a specific binding material for the LH. The E3G detection zone will contain Immobilised 
E3G or an analogue thereof, and the LH detection zone will contain Immobilised specific binding nnaterial, such as an 

40 anti-LH antibody. 

GENERAL DESCRIPTION OF A PREFERRED ASSAY RESULT READING SYSTEM 

This aspect of the present invention relates to devices for reading the results of assays, and to assay devices for 
45 use in conjunction with reading devices. 

Home-use assay devices such as pregnancy tests are now well established. In the case of a pregnancy test, which 
merely needs to provide the user with a 'yes/m' result, the technology now available enables the assay result to be 
read easily by eye without the need for any ancillary equipment. 

Home-use assays are intended primarily to detect physiological changes in the human body, with the objective of 
so promoting the health, genera! well-being or lifestyle of the individual. The consumer is becoming increasingly health 
conscious, and the ability of the consumer to monitor his or her bodily functions is being encouraged. In some instances 
this can facilitate the interaction between the individual consumer and the medical profession (GP). 

There are many assays Indicative of physiological changes In the human body which currently can only be performed 
using sophisticated laboratory techniques. In order to provide useful Information concerning the individual under test, 
55 such assays generally need to yield a result in precise numerical terms, eg. the concentration of a specific analyte in a 
body fluid 

Accordingly there Is a need for an assay system, especially applicable to the testing of body fluid samples in the 
home, which combines convenience of sample testing together with simple and cost-effective numerical detenmination 



11 



EP 0 703 454 A1 

of the assay result. 

Many assay devices are described in the technical literature with suggestions that the assay result can be read 
using optical equipment. The use of fluorescence emission, or light reflectance, is often suggested. Such techniques 
are mostly appropriate for use in sophisticated laboratories. In EP-A2-212599, which describes multlzone analytical 
s elements having a detectable signal concentrating zone, the suggestion Is made that a detectable signal Indicative of 
an assay result in the zone can be measured by electromagnetic radiation, such as light, transmitted through the zone. 
EP-A2-21 2599 indicates that the element can be made from porous fibrous materials, such as paper and nitrocellulose. 
However, no practical details are provided to Indicate how an accurate measurement might be made using transmitted 
light. 

10 We have found that quantitative information can be derived by transmissfon reading of an assay strip or the like if 
the incident electromagnetic radiation is uniform across a region of the test strip which encompasses and extends beyond 

the test zone. 

In one embodiment, the Invention provides a method of "reading" the result of an assay effected by concentrating 
a detectable material in a comparatively small zone of a carrier in the fomi of a strip, sheet or layer through the thickness 

IS of which electromagnetic radiation, such as light, is transmissible, wherein at least a portion of one face of said carrier 
Is exposed to incident electromagnetic radiation which is substantially uniform across the entire portion, said portion 
Including said zone, and electromagnetic radiation emerging from the opposite face of said carrier Is measured to de- 
termine said assay result. 

Preferably, the incident electromagnetic radiation is of substantially uniform Intensity. 

20 This uniformity can be achieved, for example, by providing a columated source of electromagnetic radiation, using 
conventional focusing means such as lenses and light guides to provide parallel incident electromagnetic radiation which 
falls essentially normally across the entire exposed portion of the earner 

However, in a more preferred embodiment of the Invention, the incident electromagnetic radiation is diffuse and 
bathes the exposed portion of the earner uniformly in a randomly scattered manner. 

25 In another embodiment, the invention provides an assay device comprising a porous liquid-permeable can-ier strip 
or sheet through the thkikness of which electromagnetic radiation is transmissible diffusely, said carrier being within a 
casing, said carrier including at least one detectk)n zone in which an assay result Is revealed by specific binding of a 
detectable material directly or indirectly to a binding agent immobilised In said detection zone, detection of said material 
being effected as a response to said electromagnetic radiation, and said casing having electromagnetic radiation trans- 

30 mitting regions enabling electromagnetic energy from an external source to be passed through said device, said detection 
zone lying In the electromagnetic radiation path between said electromagnetic radiation transmitting regions. 

Preferably, the porous canrier strip or sheet comprises paper, nitrocellulose or the like, preferably of a thickness not 
exceeding 1mm. 

In yet another embodiment, the invention provides an assay device and assay result reader combination, wherein: 

35 

a) said device comprises a porous liquid-permeable carrier strip or sheet through the thickness of which electro- 
magnetic radiation Is transmissible diffusely, said carrier preferably being within a casing or cover, said carrier includ- 
ing at least one detection zone in which an assay result Is revealed by specific binding of a detectable material 
directly or indirectly to a binding agent immobilised in said detection zone; 

40 

b) sakd casing or cover, if present, has electromagnetic radiation transmitting regions enabling electrormgnetic 
radiation from an external source to be passed through said device, said detection zone lying in a path between 
said transmitting regions; 

45 c) said assay result reader has receiving means for receiving at least a portion of said device, said portion including 
said detection zone to present said detection zone to reading means, said reading means incorporating a source 
of uniform electromagnetic radiation and one or more sensors located such that upon insertion of said device into 
said receiving means, electromagnetic radiation can be passed through said device and the intensity of electro- 
magnetic radiation emerging from said device can be detected by said sensor(s). 

so 

Preferably, said receiving means incorporates interlocking means engagable with corresponding interlocking means 
on said device to ensure that upon receipt of said device by said reader said detectbn zone(s) Is located and maintained 
in a predetermined spaclal relationship relative to said reading means. 

Preferably, said receiving means includes actuating means triggered by said receipt of said device, said actuating 
ss means causing said reading of said detection zone(s) to be initiated. 

If the assay device is provided with a casing, it is advantageous if said device casing Includes internal registration 
means which engages with corresponding registration means associated with said canier such that said detection zone 
within sakj device casing is located in a predetermined spaclal relationship relative to said registration means on said 
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device casing. Preferably, said internal registration means comprises a pin or the like, engagable with a hole, indentation 
of the like in said carrier, said detection zone being at a predetermined location on said carrier relative to said hole or 
indentation. 

During manufacture of said assay device, said corresponding registration means may be used to facilitate or control 
s accurate formation, e.g. by means of reagent printing techniques, of said detection zone on said carrier. In addition, or 
alternatively, accurate placement of said carrier within said device casing can be facilitated or controlled by said regis- 
tration. 

In a further embodiment, the invention provides an assay result reader, for use in conjunction with an assay device 
comprising a porous liquid-penmeable carrier strip or sheet through the thickness of which electromagnetic radiation is 
10 transmissible, said carrier including a detection zone in which an assay result is revealed by specific binding of a de- 
tectable material directly or indirectly to a binding agent immobilised in said detection zone, detection of said materia! 
being effected as a response to said electromagnetic radiation, said assay result reader comprising: 

a) receiving means for receiving at least a portion of said assay device, said portion including said detection zone; 

IS 

b) reading means associated with said receiving means, said reading means comprising: 

i) at least one source of unifonm diffuse (preferably electromagnets radiation; and 

20 ii) one or more sensors capable of detecting the intensity of said electromagnetic radiation; 

said source and said sensor(s) being positioned such that when said portion of said assay device Is received within sakd 
receiving means, said detection zone is disposed in a path between said source and said sen5or(s). 

The assay device/reader combination can be supplied to the consumer as a single test kit. In general however. 

2S -whereas the reader will be a relatively permanent unit which the consumer can use time and again (and which may be 
provided with an electronic memory/data-processing facility which enables the results of many sequential assays to be 
evaluated) the testing devices will be intended for use only once and thereafter will be discarded. Accordingly, the test 
devices may be supplied to the consumer separately from the reader, e.g. in multi-packs. 

By ensuring precise interlocking between the testing device and the reader, and also ensuring precise registration 

30 of the location of the detection zone within the testing device Itself, the testing zone will be presented to the reader in a 
constant pre-determined positbn every time a testing device is inserted into the reader. The construction of the optical 
system within the reader (light source and sensors) can therefore be kept as simple as possible, because it is not 
essential for the sensors to include any scanning facility, for example, which would otherwise be required if the exact 
locatbn of the detection zone was not known. By avoiding the need for a sophisticated optical reading system, the cost 

3S of the reader/monitor may be reduced. Simplification of the optical reading system may also enable the reader/monitor 
to be of small size which will assist convenient and unobtrusive use in the home. Of course, a scanning facility can be 
included in the reader if desired. 

An additional benefit of providing an internal registration system which ensures precise location of the detection 
zone within the test device, is that automated manufacture and quality control of the testing devices can be facilitated. 

40 Because it is envisaged, for example, in the case of an ovulation cycle monitor, that the consumer will need to use 
several testing devices each month, the testing devices may need to be manufactured in large numbers at low cost. 
Internal registration can facilitate automated manufacture and high throughput. 

In principle, any electromagnetic radiation can be used to effect the transmission measurement in the invention. 
The electromagnetic radiation should preferably be capable of being rendered diffuse. Preferably the electromagnetic 

45 radiation is light in the visible or near-visible range. This includes infra-red light and ultra-violet light. It is generally 
envisaged that the detectable material used as a label in the assay is one which will interact with light in the visible or 
near visible range, eg. by absorption. The wavelength of the electromagnetic radiation chosen is preferably at or near 
a wavelength which is strongly influenced, eg. absorbed, by the label. For example, if the label is a substance which is 
strongly coloured, ie. visible to the naked human eye when the material is concentrated, the ideal electromagnetic 

so radiation is light of a complementary wavelength. Particulate direct labels, for example, metallic (eg. gold) sols, non-me- 
tallic elemental (e.g. Selenium, carbon) sols, dye sols and coloured latex (polystyrene) particles are ideal examples. For 
instance, in the case of blue-dyed latex particles, the idea) electromagnetic radiation is visible red light which will be 
strongly absorbed by the blue particles. 

In a preferred embodiment of the invention, the transmitted electromagnetic radiation reaching the sensor(s) should 

SS be diffuse. The diffuseness may arise as a consequence of transmission of the electromagnetic radiation through the 
carrier strip or sheet, but more preferably is contributed by the source of the electromagnetic radiation emitting the energy 
in a highly diffuse form. In a preferred embodiment of the invention the source produces highly diffuse radiation and the 
carrier strip or sheet through which this radiation subsequently is transmitted is in comparative terms a much weaker 
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diffuser. 

A primary advantage of the use of diffuse light or other radiation in the context of the Invention Is that the reading 
of the assay result is much less likely to be adversely influenced by blemishes or contaminating material on the assay 
device. For example, dirt or scratches on the assay device In the region through which the radiation must be transmitted 

s could strongly interfere with the accuracy of the determined result if focused rather than diffuse light is used. By the use 
of a diffuse light source in accordance with the invention, it is possible to provide an assay result reader which can 
accurately interpret the result of an assay conducted even in an essentially transparent assay device without the assay 
result being adversely affected by minor contamination or damage (eg. superficial scratches) to the assay device. 
' In a preferred embodiment of the invention, the electromagnetic radiation from the source is pulsed. By synchronising 

70 the detectors (sensors) so that they function only in phase with the pulsed radiation source, It Is possible to eliminate 
any background interference that might be caused by external radiation, e.g. ambient light. It is envisaged that the assays 
will mostly be conducted under circumstances of natural daylight or, even more often, artificial light. Artificial light is 
usually of a pulsed nature (typically 50-1 OOHz) caused by the alternating nature of electricity supplies. By adopting a 
pulsed radiatldn source for the illuminatbn of the assay device within the reader, the intrusion of natural daylight can be 

IS ignored. By selecting the pulse frequency such that it is sufficiently different from the prevailing artificial light, any inter- 
ference due to artificial light can also be avoided. Preferably the pulse frequency of the energy should be at least about 
1 kHz. An ideal pulse frequency is about 16 kHz. The electronics necessary to achieve synchronous pulsed sensing 
are familiar to those skilled in the art. 

The use of pulsed light is very advantageous because it renders it unnecessary for the monitor to be "light tight". 

^ Not merely does this simplify the constructk^n of the monitor but the reading of the assay result can be performed 

while the monitor is "open", thus simplifying the operation for the user. 

The source of light or other electromagnetic radiation can comprise entirely conventional components. Ideal exam- 
ples are commercially available LED's, preferably chosen to give a suitable wavelength of light that Is strongly absorbed 
by the detectable material concentrated in the test zone(s). Light from the LED's should be passed through a strong 

2S diffuser before reaching the assay device. If desired, an array of LED's whtoh are energised rn turn can be used. 

Suitable diffusers can be made, for example, from plastics materials, and are available commercially. If necessary, 
the light-scattering properties of the diffusing material can be enhanced by including particulate materials such as Tfta- 
nium dioxide and Barium sulphate. An ideal diffusing material comprises polyester or polycarbonate, containing Titanium 
dioxide. A good inclusion level for the particulate material is at least about 1% by weight, preferably about 2%. By the 

30 use of a diffuser, all relevant regbns of an assay strip may be measured simultaneously, and differences in light output 
from the source are eliminated. 

The sensor(s) to detect emergent light can be conventional components such as photodiodes, e.g. silicon photodi- 
odes. 

Preferably, a second diffuser, which can be made from the same material as the primary diffuser, is located in front 
3S of the sensor(s). This ensures that the view seen by the sensor is not affected by the presence or absence of a test strip 
in the reading head. In consequence, the monitor can be calibrated in the absence of a test strip, and then measure an 
assay result in the presence of an assay strip. 

By employing a uniform light source in accordance with the Invention, it is possible to provide a reading system for 
test strips and the like which is relatively tolerant to variation in the placement of the test zone(s) from one strip to another, 
^ in the absence of a scanning sensor. Further benefits are obtained if test zone placement Is controlled, as described 
herein. 

For the purposes of enhancing the likelihood of conception, assay devices have already been marketed which 
enable the user to monitor the urinary concentration of luteinizing hormone (LH) which peaks sharply approximately one 
day in advance of ovulation. Daily testing of urinary LH concentration is conducted, for example using "dipstick" tech- 

4S nology with the assay result being provided by a coloured end point, the intensity of the colour being proportional to LH 
concentration. By providing the consumer with a colour chart which enables the dally result to be compared against a 
standard, the "LH surge" can be detected simply by eye. Unfortunately, the monitoring of LH concentration is a very rare 
example of an assay relying on semi-quantitative data which is amenable to such simple technology, being possible 
only because in relative concentration terms the LH surge is such a dramatic event. For most other potentially useful 

so assays the analyte concentration changes in body fluids are much more subtle and only detectable accurately by in- 
strumental means. 

A need therefore exists to extend the currently available qualitative home-use testing technotogy into the area of 
precise quantitative testing, A convenient example, which is a logical extension of the present consumer interest in 
home-use pregnancy testing and ovulation prediction testing, is the extension into accurate monitoring of the ovulatbn 
55 cycle, not merely to enhance the likelihood of conception but Indeed to provide reliable information for the purposes of 
contraception. Proposals have been made to analyse body fluids with this objective in mind. A common theme is to 
monitor periodic fluctuations in various homnone metabolite levels In urine. 

The Invention can be used in the determination of any body fluid analyte. especially in the monitoring of the hunnan 
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ovulation cycle by the determination of one or more homnones or metabolites thereof in body fluid, such as urine, for 

example either LH and/or estrone-3-glucuronide (E3G). 

Within the preferred context of the present invention it is envisaged that a home-use sample liquid testing device 

will include a porous carrier material, such as a strip, through which applied sample liquid such as urine can permeate 
5 and wherein the assay result occurs by means of specific binding of a detectable material in a precisely-defined region 

(detection zone) of the carrier, such as a narrow line or small dot, containing an immobilized specific binding reagent. 

The invention is therefore concerned with ways in which localisation of a detectable material in such a detection zone 

can be determined accurately in a simple and cost-effective manner. Home-use devices for the analysis of urine, for 

example in pregnancy tests and ovulation prediction tests, are now widely available commercially. Many such devices 
10 are based on the principles of Immunochromatography and typically comprise a hollow casing constructed of plastics 

material containing a porous assay strip carrying pre-dosed reagents. The reagents within the device may include one 

or more reagents labelled with a direct label, such as a dye sol, a metallic (e.g. gold) sol. or a coloured latex (e.g. 

polystyrene) microparticle, which are visible to the eye when concentrated in a comparatively small test area of the strip. 

The user merely needs to apply a urine sample to one part of the casing to initiate the assay. The assay result becomes 
IS visible by eye within a few minutes without further action by the user Examples of such devices aare described in 

EP.A-291194 and EP-A-383619. Sample collection is conveniently achieved by means of a bibulous member which 

forms part of the device and which can readily take up sample liquid, e.g. from a urine stream. Optionally the bibulous 

member can protmde from the casing of the device to facilitate sample application. 

A further embodiment of the invention is an electronic device for monitoring the fertility status of the human ovulation 
20 cycle and providing a user of said device with an Indication of said fertility status, comprising: 

a) reading means for reading a dual-analyte assay device as described herein; 

b) information processing means for determining from said reading of said assay device, body fluid sample con- 
25 centration values for said at least two analytes; 

c) Information processing means and memory means for deriving from said detemiined concentration values and 
from previously determined concentration values an indication of the current fertility status of a human subject under 

test; and 

30 

d) display means for communicating said current fertility status to said user of said electronic device. Preferably, 
the device addittonally comprises receiving means for receiving said assay device, said reading means being located 
within said receiving means. Reading is best achieved by optical transmission through said assay device while 
received by said receiving means. Preferably the display means comprises one or more light sources which provides 

35 a coloured signal to said user, a variation in said fertility status being indicated by a colour change. 

Other embodiments of the invention, which will be apparent from the following detailed description, include assay 
devices for use as part of the reader/assay device combination, methods of manufacturing such assay devices, and 
methods of use of such assay devices and readers. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

By way of example only, assay devices and readers in accordance with the invention will now be.described with 
reference to the accompanying drawings, of which: 
45 Figure 1 shows a general view of a sheet of porous material, e.g. paper, during the course of reagent deposition on 

the sheet and sub-division of the sheet into assay strips. 

Figure 2 shows an "exploded" view of an assay device of the invention incorporating an assay strip made as shown 
In Figure 1. 

Figure 3 shows in diagrammatic cross-section an assay device of Figure 2 located within the reading head of a 
so monitor in accordance with the invention, working by light transmission through the assay strip. The y axis is distorted 
to show the arrangement of components. 

Figures 4a. 4b and 4c show in partially "exploded" form the main features of a complete monitor In accordance with 
the invention, namely: 

ss Figure 4a: the lid and upper half of the casing; 

Figure 4b: an electronic circuit board incorporating a reading head; 
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Figure 4c: the lower half of the casing and associated battery container. 
Figure 5 shows the reading head seen in Figure 4b on an enlarged scale. 

Figure 6 shows a view directly downwards into the test device receiving slot of the reading head of Figure 5. 
5 Figure 7 is a cross-section of one end of a test device designed for insertion into the receiving slot of the reading head. 

Figure 6 shows, in schematic form, the basic functions that may be required in an electronic monitor for use in 
accordance with the invention, as applied to the human ovulation cycle. 
Figure 9a shows a dual-analyte test strip. 

Figure 9b shows in longitudinal cross-section an assay device including the test strip of Figure 9a. 
10 Figures 9a and 9b are described under Example 5 below. 

DETAILED DESCRIPTION OF AN ASSAY DEVICE/MONITOR COMBINATION 

Referring to Figure 1, the sheet 100 of porous material, e.g. nitrocellulose, is intended to be divided into a plurality 

IS of identical assay strips 1 01 by cutting along central axis A-A and the lateral axes B-B. 

Parallel lines (102-107) of assay reagents are placed on sheet 100 prior to sub-division. For the purposes of example 
only, the reagents are assumed to be a first immobilised antibody In lines 1 02 and 1 07. and a second different immobilised 
antibody in lines 103 and 106. Reagent deposition can be by means of a "pen" 108 or the like operated on a compu- 
ter-controlled "x-y" plotting mechanism (not shown) and fed with appropriate buffered reagent solution via a metered 

20 flexible tube 109. If the material of sheet 100 is nitrocellulose, reagents such as antibodies and antigens can be immo- 
bilised by simple direct application onto the nitrocellulose, folbwed by blocking of the sheet material, for example with 
albumen or polyvinyl alcohol. Following reagent deposition and blocking, two lines 104 and 105 of nrtobile labelled rea- 
gent, such as antigen (e.g. E3G) or another antibody (e.g. antl-LH) labelled for example with a particulate direct label 
such as coloured latex, can be deposited. This deposition can be for example by means of another pen (not shown). 

25 Alternatively, the labelled reagent(s) can be held in a separate porous pad or the like, rather than being applied directly 
to the test strip material. 

In order to achieve precise locat'ton of the reagent-containing lines, each bngitudinal periphery 110, 111 of sheet 
100 is pierced with a plurality of identical small holes 112 each one being situated within the width of a designated strip 
1 1 3. Holes 1 1 2 are made in sheet 1 00 prior to the deposition of any reagents. The untreated sheet is located on a frame 

30 (not shown) or similar operating surface by means of a bar 1 1 4 pressed downwardly onto each lateral periphery of the 
sheet. Only one of these bars is (partially) shown. Each bar has a plurality of downwardly projecting pins 115, each of 
which locates precisely Into one of the holes 1 1 2. The tracking of the reagent-depositing pen 1 08 Is registered predsely 
with the position of the bars holding the sheet, and accordingly the reagent deposition Is made In a predetermined precise 
line relative to the perforations in the sheet. 

35 Following all necessary reagent depositions and other treatments of the sheet, the sheet is subdivided by cutting 

means (not shown) into individual Identical strips 101. Each individual strip therefore contains one locating hole 1 1 2 with 
two reagent-containing lines or reaction zones (e.g. 102 and 103) located relative to hole 112 in precise predetemrilned 
positions extending across the width of each strip. At a location remote from hole 112 is a region (e.g. 104) of the strip 
bearing the mobile labelled reagent. The exact position of the labelled reagent relative to the hole Is not necessarily as 

40 critical as the location of the reaction zones. 

Referring to Figure 2, an assay devk:e of the invention comprises a plastics casing having upper and lower halves 
200 and 201 adapted to contain the assay strip 1 01 and also a bibulous sample receiving member 202 which can extend 
out of one end 203 of the assembled casing. In the assembled device the bibulous receiving member 202 overiaps the 
end 204 of the assay strip adjacent to the deposited labelled reagent. The upper half 200 of the casing includes a window 

45 or aperture 205 through which both detection zones 102 and 103 can be obsen/ed from outside the casing. Upper half 
of the casing contains on its external surface 206 a circular depression 207 on the central longitudinal access of the 
casing a short distance beyond the observation window relative to the end 203 of the casing accommodating the sample 
receiving member. On the inside of the upper half of the casing is a downwardly extending pin or peg 208 located directly 
below depression 207. The diameter of the downwardly extending pin or peg 208 matches that of the hole 112 in the 

so assay strip 1 01 , so that the strip can be positively located within the assembled device on the peg. 

Lower half 201 of the casing also includes a light-transmitting window or aperture 209 which, in the assembled 
device, lies directly opposite to the result window 205 In the upper half of the casing. Lower half of the casing also 
contains a depression 210 which can accommodate the bottom end of the pin or peg 208 when the two halves of the 
casing are placed together to make an enclosure. 

55 In the assembled device, the act of enclosing the strip and bibulous member between the upper and lower halves 

of the casing causes the overiapping portions 204 and 211 of the strip and bibulous member to be crimped together to 
provide a good moisture-conductive junction. 

It is generally envisaged that the material of the casing will be opaque, e.g. white or coloured plastics material, but 
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the casing can be translucent or Indeed transparent if desired. 

Referring to Figure 3, the assay device 300 is seen located within a slot 301 in a monitor 302. This region of the 
assay device includes the two opposing windows 205 and 209. 

The casing of the monitor is slotted to receive the portion of the assay device incorporating the result windows. On 
5 opposing sides of the slot is a light source 303 and a reading head 304. 

The slot incorporates a button or projection 305 which can fit into the depression 207 on the external face of the 
casing of the assay device. Precise positive location of the casing within the slot is therefore achieved. Because the 
depression is in a fixed position relative to the internal pin or peg 208 within the assay device, and hence the registration 
hole 11 2 in the assay strip 1 0 1 , the two detection zones 1 02 and 1 03 on the strip are located in a precise position relative 
10 to the reading head. The hole in the assay strip therefore acts as a positive reference throughout the nnanufacture of 
the assay device and ensures that after the device has been used and presented to the monitor the detection zones on 
the strip will be in the same position relative to the reading head each time. Accordingly there is no need for the reading 
head to incorporate a scanning facility to locate the detection zones in each presented device. 

The light source or illuminator 303 incorporates a plurality of LEDs 306 to generate light, and this shines onto the 
IS assay strip via a diffuser 307 and the obsen/ation window 209 in the lower half of the assay device casing. The light 
passes through the thin nitrocellulose strip 101 and exits the assay device through the result window 205 in the upper 
half of the casing. Immediately outside window 205 Is a second diffuser 308. After passing through the second diffuser 
308, the light encounters a plate 309 having a plurality of apertures 310-314. There are five apertures in total, two of 
which (31 1,313) are adjacent to the detection zones and the others (31 0. 31 2 and 31 4) lie in positions on either side of 
20 these detection zone apertures. The apertures are of slit form corresponding to the detection lines on the strip. The 
width of each of the two apertures 31 1 and 31 3 corresponding to the detection zones themselves is double the width of 
each of the three other apertures, which act as controls. 

The light passing through these apertures travels down a corresponding slot 315-319 in a baffle plate 320. At the 
far end of each slot is a light detector 321. The detectors 321 are of identical size and specification. At the front face 
2S 322 of the baffle plate 320, each slot is of the same size as the corresponding aperture. At the rear face of the baffle 
adjacent to the light detectors each slot is of the same size as the face of the light detector adjacent to it. Accordingly, 
the two slots (316. 318) associated with the detection zone apertures are parallel-sided. The three slots (315, 317 and 
319) associated with the control apertures increase in size as they progress towards the light detector. 

The slot in the monitor can also accommodate gripping or biasing means such as one or more spring-loaded plates 
30 or pins (not shown) to further enhance the positive location of the assay device within the slot. 

Ideally, the same optical signal is derived from each aperture inrespective of the precise line position opposite the 
apertures. The apertures can be of different sizes to promote this objective. The dimensions of the reference zone should 
be chosen to correspond as closely as possible with the actual area of the detection zone on the strip. 

To reduce the possibility of cross-talk between the apertures, the assay strip should be held as close as possible 
3S to the apertures when the assay device is located in the slot in the monitor. 

As described above, there are five optical measurement channels in the reading device. In addition, there can be 
a sixth electronic reference channel that provides calibration of the electronic gains in the detector circuitry. 

A typical test strip may exhibit a gradient of detectable label concentration along its length, against which the de- 
tectable label at a reaction zone must be measured. To accommodate this measurements are ideally made either side 
40 of the reaction zone on the test strip. The signal from the reaction zone can be expressed as a ratio of the total signal 
recorded from the two adjacent reference areas on the strip. 

The five measurement channels are divided Into two reaction zones and three reference zones. One reference 
zone, located between the two reaction zones provides a reference optical measurement to both reaction zone meas- 
urements. 

45 A reflectance measuring system must all be mounted on one side of the test strip. To achieve the same level of 

compactness for a five channel reading device would require the use of (relatively) expensive custom components. A 
transmission design can be made entirely from commercially-available, high volume optoelectronic components, facil- 
itating the production of a monitor that is compact and relatively cheap. 

The five detectors 321 are mounted on the back face of a baffle plate. Each detector views the test strip through 

so an aperture in the baffle. The baffle prevents light viewed through one aperture from falling on adjacent detectors, and 
also provides accommodatbn for line placement tolerance. The position of the test zone within the field of view of a 
detector may vary from one edge of the aperture to the other in the x-axis. Any variation in the signal arising from this 
effect is a function of the angular displacement relative to the centre of the measuring detector. The depth of the baffle 
can be chosen to control the possible angular displacement of the test zone with respect to the detector, and to maintain 

55 the accuracy of the reading. 

The projection 305 is maintained in precise bcatbn with respect to the apertures. The reference pin locates into 
depresston 207 in the test device casing.. This depression is also precisely located with respect to the internal pin 208 
moulded into the test device, on which the test strip is located by it's own locating hole punched through the strip. The 
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reaction zones are precisely located with respect to the locating hole. In this manner, within manufacturing tolerances, 
the reaction zones are held In precise positions with respect to the apertures through which the detectors view the test 

strip. 

The illuminator can consist of a series of LEDs embedded in or placed behind a diffusing medium which provides 

5 a uniform and diffuse illumination of the test strip covering the reference and signal zones. 

The incorporation of a diffuser between the apertures and the test strip is beneficial for calibration purposes. In order 
to calibrate each of the optical channels In the absence of the test strip it is highly desirable that each detector is collecting 
light from the same areas of the illuminator as is the case when a test device is present. The diffuser can be selected 
to be the dominant diffuser in the optical path so that the introduction of the test strip does not contribute significantly to 

10 changes in the illumination distribution observed by the detectors. In addition, the diffuser element can enable the optical 
assembly to incorporate a 'wipe clean' surface, desirable for long-term repeated perfomnance of the optical assembly. 
By modulating the intensity of the illuminator, the optical channels can be calibrated, without the aid of moveable parts, 
'invisibly' to the user prior to the insertion of a test device. 

The test strip can consist of an optically diffuse layer of nitrocellulose or the like, preferably sandwiched between 

IS two layers of optically clear film, e.g. of polyester such as "Mylar". The clear film protects the nitrocellulose within which 
the assay reactions take place. Making reflectance measurements through thin transparent films is particularly difficult 
because of problems arising from specular reflections. Transmission measurement albws the optics to be constructed 
orthogonal to the measuring surface and minimises the adverse effects of reflection. 

The invention is particulariy applicable to the reading of test strips made of nitrocellulose and similar diffuse mem- 

20 branes that preferably do not exceed about 1 mm thickness. 

Turning to Figure 4a, the monitor comprises a moulded casing, eg. of plastics material, having a generally oval 
rounded shape. The casing principally comprises an upper haff 400 and a tower half, only the upper half of whk:h is 
seen in Figure 4a. Towards the right hand side of casing 400 is a recess 401 having a backwardly sloping rear face 402, 
Rear face 402 incorporates an aperture 403 for a push button (not shown), a window 404 to reveal a display panel (not 

2S shown) and two windows 405 and 406 to reveal coloured lights or other indicators (again not shown) to convey infornnation 
to the user. Extending from the left end of recess 401 is a long slot 407 to provide access to a reading head (not shown). 
Recess 401 and slot 40/ are closable by means of a lid 408 which is attached to the rear of the casing by two hinge 
points 409 and 410. The upper surface 411 of casing 400 is recessed slightly to accommodate the lid when ctosed, so 
that the exterior of the closed device presents a relatively smooth continuous surface to the user. The lid can be flipped 

30 up to reveal the user-accessible features of the monitor. The lid is closable by means of a spring clip (not seen in Figure 
4a) whrch extends upwards through an orifice 412 in the front edge 413 of the casing. Front edge 413 of the casing 
Incorporates a further orifice 41 4 through which a further indicator light (not shown) may be revealed. 

Turning to Figure 4b, the circuit board 430 is of rounded rectangular shape to match the interior shape of the casing, 
and carries all of the operational features of the monitor. These include a push button 431 which the user can press to 

35 initiate the monitoring of an ovulation cycle. When the circuit board is mounted within the casing and covered by upper 
half thereof, the push button is accessible through aperture 403. To the right of the push button is a visual display panel 
432 such as a liquid crystal display which is visible to the user through window 404. To the right of the display panel are 
two light guides 433 and 434 which transfer, for example, coloured light (such as red and green) from two LEDs or similar 
lamps (not shown). Appropriate "chips' and memory circuits 435, 436 are mounted on the circuit board. A further light 

40 guide 437 mounted at the front edge 438 of the circuit board can convey light from another LED (not shown) to aperture 
414. This light may indicate, for example, to the user that an assay is required. This light can be a different colour from 
the lights associated with display panel, eg. yellow. A battery connector 439 hangs from beneath the circuit board for 
connection to batteries retained in the lowercasing (see Figure 4c). Also at the front of the circuit board is a switch 440 
operable by the spring catch of lid 408. 

45 At the left hand end of the circuit board is mounted the reading head 441 which comprises a central receiving slot 

442 to accommodate one end of an assay device (not shown). On the front of receiving slot 442 is an illuminator 443 
and immediately opposite at the rear of the slot is an optical sensing system 444 so that light can be passed across the 
slot (and through a testing device when inserted) and evaluated by the sensor. 

Tuming to Figure 4c, the lower half 460 of the casing has an overall oval shape to match the upper half 400 and 

so provides accommodation for the circuit board 430. The front edge 461 of the casing 460 accommodates a spring loaded 
catch 462 to fasten lid 408 when closed. Catch 462 is released by pressure on the front face 463 eg. applied by a finger 
tip. The floor 464 of the casing includes a battery chamber (beneath), and a small access hole 465 is provided towards 
the right hand end of the casing through which the battery connector 439 can be passed and linked to batteries 466. 
The batteries are retained by a cover 467 which can be clipped to the underskJe 468 of the casing. 

ss The constituent parts of the casing can be moulded from high impact or similar plastics materials such as polystyrene 
and polycarbonate and held together by 'push fit" clips or threaded screws or any other appropriate mechanism. 

Tuming to the enlarged illustration of the reading head, as seen in Figure 5, the slot 442 for receipt of an assay 
device is of parallel sided form, but its width Is enlarged at its right hand end 500 in a stepped manner to provide a pair 
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of shoulders or abutments 501 , 502 against which a correspondingly enlarged portion of an assay device can be abutted. 
This can facilitate effective Insertion of an assay device into the reading head. Within the narrower working part 603 of 
the slot is a button 504 mounted on the rear wall 505 of the slot, which must be fully depressed to activate the reading 
mechanism. Appropriate insertion of a testing device causes adequate depression of this button. 

5 Also on the rear wall 505 of the slot is a fixed locating pin 506 which must engage with a corresponding hole in an 

inserted assay device. Also on the rear wall 505 is a light-transmitting panel 507 which covers the optical sensors. Panel 
507 extends outwardly beyond the plane of rear wall 505 of the slot and has sloping edges 508, 509 to give it a distinctive 
profile. At opposite ends of the front wall 510 of the slot are two pins (not seen in Figure 5) which are biased outwardly 
into the slot, e.g. by spring mechanisms contained within two housings 51 1 , 51 2. 

10 These same features are illustrated in Figure 6 which is a view directly downwards into the receiving slot. The two 

biased pins 600, 601 are seen. The purpose of these pins is to provide blessing means to push an inserted assay device 
against the rear wall 505 of the slot. If the receivable portion of an assay device has appropriately shaped holes or 
depressions to accomnrKxdate the fixed locating pin 506 and the projecting panel 507, the assay device can be pressed 
sufficiently closely to the rear wall of the slot to depress the button 504 and initiate the optical sensing procedure. 

IS Figure 7 shows, in cross-section, part of an assay device 700 having a profile which can cooperate with the features 

seen in Figure 6. The assay device can be inserted into the slot with the broader central portion 701 abutting against 
shoulders 501 , 502. The leading end 702 of the assay device has a slightly bevelled edge 703 to facilitate insertion into 
the slot past pin 600. The assay device comprises a hollow casing containing a porous assay strip 704 sandwiched 
between two sheets 705, 706 of transparent material. As described earlier, strip 704 is precisely located within the assay 

20 device casing by means of a pin 707 which extends through a hole 708 In the strip. On the outside of the assay device 
casing at a point con-esponding to the centre of the locating pin 707 is a conical hole 709 which can accommodate the 
fixed locating pin 506 in the reader slot. Each side of the assay device casing has an aperture 710, 711 which, when 
the assay device is inserted in the slot correctly, will be adjacent the light source 443 and light sensors 444 respectively. 
The profiles of these two apertures are different and in particular the profile of the aperture 711 on the same face of the 

2S assay device as the conical hole 709 is shaped to match the profile of the projecting panel 507 covering the light sensors. 
This ensures that the reading head will only operate when the assay device Is inserted in the con-ect orientation to ensure 
that the button 604 Is depressed. 

It will be appreciated that the overall layout and general shape of the monitor can be subject to very considerable 
variation from that described above without departing from the scope of the invention. The general shape and layout of 

30 the reading head is dictated by the need to cooperate effectively with the assay device but this shape can be varied 
considerably. The layout and nature of the user accessible controls and information display features can likewise be 
subject to considerable variation and are dictated to a large extent by aesthetic consideratksns. 

The detailed electronics of a monitoring device capable of assimilating, remembering and handling analyte concen- 
tration data, as well as providing the preferred electronic features of the device discussed herein, and where appropriate 

3S predicting future events, such as the fertility status in an ovulation cycle on the basis of such data, can readily be provided 
by those skilled in the electronics art once they have been advised of the factors that such a device must take into 
consideration, and the infonmation that the device must provide for the user. By way of example only, the basic functions 
that may be required in such a device are outlined in Figure 8 of the accompanying drawings and described briefly 
below. The individual features can be entirely conventional, and those familiar with the art of electronics will appreciate 

40 that other combinations and arrangements of such features can be employed to achieve the objectives of the invention. 
For example, so-called "hard-wired" systems, and "neural networks", can be used in place of conventional microproc- 
essors based on "chip" technology. 

As depicted in Figure 8, the combination essentially comprises a reading unit 800 to derive information from a test 
device, such as an assay strip, the reading unit comprising an illuminator 801 and a reader 802 (represented here as a 

45 photo diode). The reading unit feeds Into a conversion unit 803 to convert the optical signal into a form usable by a 
microprocessor 804. As an optional feature, a calibration system 805 is provided to convert the signal derived from the 
reading unit into data corresponding, for example, to an absolute concentration value. 

A timer, such as a clock 806 may be required to regulate measurements within a cycle. The microprocessor 804 
processes, memorizes and interprets results in the light of previous events, particularly recorded from previous cycles. 

so The user interface 807 will generally comprise at least means, such as a push button, which the user can operate at 
the commencement of a cycle to initiate the operatk^n of the device as a whole. The power supply 808 should include 
means, such as a memory back-up capacltator 609, to prevent loss of historical data when it becomes necessary to 
replace batteries. 

Information can be conveyed to the user by means of a liquid crystal or LED display, for example. If desired, infor- 
ss mation on the state of fertility can be conveyed by a simple visual indication, eg a combination of colours showing, for 
example, green for infertile and red for fertile. Especially if the device is intended primarily as an aid to contraception, it 
shouki "fail safe' by showing a "fertile" signal. 

As described above, features 803 and 806 together correspond to feature 435 (Figure 4b), and feature 804 con-e- 
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spends to feature 436 (Figure 4b). 

Transmisston spectrophotometry is a widely used technique for the quantification of dye concentrations in clear 
liquid solutions. Commercially available spectrophotometers generally require substantial modification to make meas- 
urements on diffuse (scattering) soluttons. Transmission spectrophotometry is not generally thought of an appropriate 
5 method of measuring highly diffuse samples so it is generally only adopted where an alternative approach cannot be 
applied. For the purposes of the invention, transinission measurement offers positive benefits over the more usual re- 
flectance approach previously employed on test strips. 

Some conventional strip assays employ reflectance measurement to assess dye concentration on the strip surface 
(e.g. glucose monitors). The chemistry of these assays occurs in a very thin layer on the surface of a test strip. In contrast, 
10 the chemistry of the preferred strip devices of the invention takes place throughout the thickness of the test strip. Because 
of variations in flow and reagent deposition, the concentration of detectable label captured at a reaction zone may differ 
according to depth. 

Curvature, surface materials, finish and solvent effects may vary the ratio of specular to diffuse reflection. For re- 
flectance measurements it is the diffusely reflected light from the surface of the strip that carries the signal information 

IS (i.e. that light will have interacted with the detectable label), whilst the specularly reflected light will contain no information 
(as this light Is the component that has just bounced off the surface without interacting with the detectable label in the 
diffuse strip). Without resorting to relatively bulky and expensive systems, it is difficult to design a reflectance measure- 
ment system that minimises specular reflection to the extent possible with transmission measurement, especially using 
diffuse light as in accordance with the invention. 

20 Reflectance systems require the use of a test surface that must be removed from the optical path for the purposes 

of calibration. This reference surface must not deteriorate if it Is to form a part of the optical assembly. In addition, 
mechanical movement Is required to displace such a reference material when an assay strip needs to be measured. 
Such problems are avoided by the invention. 

In addition to the specific examples of detectable materials already mentioned herein, the invention can use as 

25 labels materials which block or reflect the electromagnetic radiation, rather than absorb it, e.g. "white" particles such as 
latex particles in their natural uncoloured state. Altematively. the label can be a reactant or catalyst which participates 
in the generation of a radiation absorbing or radiation-btockbig material, e.g. an enzyme which reacts with a substrate 
to produce a detectable material, such as a coloured material, in the detectbn zone. 

30 EXAMPLES 

Aspects of the invention are illustrated in the following Examples. These relate to the monitoring of the human 
ovulation cycle. 

35 EXAMPLE 1 

This example sets out a convenient algorithm on which a monitoring method in accordance with the invention can 
be based. The kit provided to the user comprises a plurality of dual-analyte disposable urine testing devices, capable 
of assaying urinary E3G and urinary LH in a form readable by a monitor also provided. The disposable testing devices 
40 and the monitor are as described above. The monitor can receive each used testing device and determine the urinary 
concentration of each analyte. This information is stored in the monitor and compared with similar data obtained on 
subsequent days in the same cycle. The monitor has a menstruation button that the user must press at the start of the 
cycle, and a display panel or the like to convey information about cycle status, and to indicate to the user when testing 
should be performed. 

45 

a) Algorithm rule structure 

The objectives are to: 

so i) identify the position of the LH surge in an individual cycle; 

ii) identify a significant increase in E3G concentration In an individual cycle with respect to the E3G concentration 
on day 6 of that cycle; 

55 iii) preferably, include a fail-safe procedure in the event of failure to identify a significant increase in E3G concen- 

tration within an expected intewal. 

The number of tests available each routine month is limited to 8, and a test strategy which will maximise the chances 



20 



EP 0 703 454 A1 



of achieving i) and ii) is adopted. 

b) Start-up cycles 

s In order to establish an adequate initial data base, during the first cycle of use the monitor requires sixteen tests. 

This is to establish baseline data for the individual. The user presses the menstruation button on the monitor on the 
morning after her menstruation begins. This day is recorded as day 1 by the monitor. Testing commences on day 8 and 
continues daily until day 23. This testing is targeted to maximise the chance of obsen/ing the LH surge. 

At the start of cycle 2 and the start of all following cycles, the menstruation button is pressed as above. From cycle 

10 2 onwards, eight tests only are used for each cycle. All eight tests must be from th e same batch and all must be completed. 
In all cycles from cycle 2 onwards, testing commences on day 6. For cycles 2 and 3, tests two to eight are conducted 
on consecutive days starting on the typical LH surge day minus four days. From cycle 4 onwards, regarded as the first 
routine cycle, tests two to eight are conducted in sequence from typical LH surge minus five days. The typical LH surge 
day is defined as the mean day of LH surge for up to the prevbus six months. 

IS 

c) Start of the fertile phase 

In cycle 1 , the monitor declares the woman fertile from day 6 onwards, as no information about cycle characteristics 
has been collected. In cycles 2 and 3, the monitor can use the typical position of the LH surge from the previous cycle 
20 (s) to determine the start of the fertile phase. However, because of the limited amount of cycle data available, the monitor 
will still declare a woman fertile during cycles 2 and 3 on day 6 or on typical LH surge minus 7 days, whichever is later. 

In subsequent routine cycles, the onset of the fertile phase is set by detection of a significant change in the E3G 
signal with respect to day 6. When the ratio of the current day's signal for E3G (Sj) to the day 6 signal (Sg) reaches a 
set threshold as set forth above, the woman is declared fertile. As a fail-safe, the monitor declares the woman fertile on 
25 the typical LH surge minus 2 days, in the absence of an earlier detected significant change in the ESQ signal. 

d) End of the fertile phase 

In normal operation, the end of the fertile phase is defined as the fourth morning after the detection of the LH surge, 
30 In the absence of a detectable LH surge during the test sequence, the system declares the end of the fertile phase to 
be six days after the last test. The ratbnale for this calculation is as follows. The testing regime is designed to cover the 
typical position of the LH surge plus one day. Published WHO study data showed within-woman variability of LH surge 
position to be 1 .8 days. Adding five days to the declared fertile period after testing has been completed allows two 
standard deviations confidence that the LH surge vynll occur within the assigned fertile period. 
35 In non-normal operation (cycle 1 ), where the nrK)nitor has no information about the typical LH surge position, if this 
parameter is not detected, the end of the fertile phase is declared on cycle day 26. 

EXAIWPLE 2 

40 This example uses representative E3G profiles from two women - one known to have low levels of urinary E3G and 

the other known to have relatively high levels. In the first two columns of each table, 30 days of each cycle are set out 
in terms of their fertility. The first phase is termed infertile and consists of that portion of the follicular phase during which 
unprotected Intercourse would not be expected to result in conception, followed by a transitional phase during which 
changes occur that lead to a fertile state and during which a positive signal to indicate the onset of the fertile phase is 

45 required. The fertile phase is that phase before and after ovulation during which unprotected intercourse is most likely 
to result in conceptkxi. Its duration before ovulation is dictated entirely by the effective lifetime of sperm, and this, in turn 
is influenced by factors controlled by the female hormones, especially mucus. The post fertile, luteal phase is that time 
after which the ovum has left the uterus and conception in the current cycle is no longer possible. 

E3G values are given in the third column. These were derived by immunoassay on early morning urine samples 

so collected each day. The immunoassay was a conventional enzyme-labelled-antigen competitive assay. The values given 
are in ng/ml. 

Actual ovulation is taken as 24 hours following the LH surge. These LH values were determined by conventfonal 
enzyme-labelled sandwich immunoassay on the same samples, but the values are not included in the table as ovulation 
date is the essential result. 
ss The algorithm of Example 1 has been applied to each cycle, taking the E3G trigger point as: 
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INDIVIDUAL A 



5 



10 



IS 



20 



2S 



30 



3S 



CYCLE A 1 : Start-up cycle 


uay tesiovuiauon 


PhasG 


coui Value 


"RaH" etatiic 
neo SlalUS 




1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6 


infertile 




•*«* 




7 


infertile 




*** 




8* 


infertile 


1.9 


*** 




9* 


infertile 


3.1 


*** 




10* 


infertile 


5.4 


*** 




11 * 


infertile 


2.1 


*** 




12* 


infertile 


5.3 


*** 




13* 


Infertile 


10.5 


*** 




14* 


infertile 


7.7 


**• 




15* 


fertile 


5.2 






16* 


fertile 


8.3 






17* 


fertile 


6.8 






18* 


fertile 


4.3 




LHS + 1 


19* 


fertile 


4.9 






20* 


fertile 


5.3 


*** 




21 * 


postfertile 


3.3 






22* 


postfertile 


4.9 






23* 


postfertile 


6.2 






24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









40 

LH surge was on day 1 7. therefore repeated testing to commence on day 1 3 in next cycle. 



45 



SO 



CYCLE A 2 


Day Test ovulation 


Phase 


E3G value 


■Red' status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


3.5 






7 


infertile 








8 


infertile 








9 


infertile 




*** 




10 


infertile 









Continuation of the Table on the next page 
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(continued) 



75 



2S 



CYCLE A 2 


Pi2j\f Tkset nxfiildtion 
utxy icoi (^vuieiiKJii 


~iioioo 




ilCU SlCltUO 




n 


infGitilo 




*** 




1 0 


inTeiTiie 










inTQiille 


A Q 


*** 






fdrtils 




*** 




ID 


fortils 


10 ft 


*** 




lb 


fsrtilB 


D.O 


IHHt 




IT * 


fsrtils 


10.D 


ittrn 


1 l-IQ J. 1 


HQ* 
lO 


fertile 


b.y 






19 


fertile 


D.O 


*** 




OA 


posTFeniie 








^1 


postfertile 








22 


postfertlle 








23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









Mean LHS of cycles A1 and A2 is day '16.5'. therefore repeated testing to commence on day 12 in next cycle. 



40 



so 



ss 



CYCLE A 3 


Day Test ovulation 


Phase 


E3G value 


■Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


1.6 






7 


infertile 








8 


infertile 




*** 




9 


infertile 




*** 




10 


infertile 




*** 




11 


infertile 








12* 


fertile 


6.2 


*** 




13* 


feitlle 


23.6 


*** 




14* 


fertile 


21.3 






15* 


fertile 


8.3 


*** 


LHS + 1 


16' 


fertile 


4.5 


*** 




17* 


fertile 


3.7 






18* 


postfertile 


3.4 






19 


postfertile 








20 


postfertile 








21 


postfertile 









Continuation of the Table on the next page 
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(continued) 



5 



15 



CYCLE A 3 


"Toot r^x/iilstton 
LJay icoL LfVulctUwil 


Ph3.SB 




"Red" stf^tufi 


Actual 


22 


postfertiiB 








23 


postfertile 








24 


postferlile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









Mean LHS from cycles A1 to A3: day 'IS.?". Repeated testing commencement day for first routine cycle: day 10. 
Fail-safe day for the first routine cycle: day 1 3. 



25 



30 



40 



SO 



CYCLE A 4 


First routine cycle 


Day Test ovulation 


Phase 


E3G value 


■Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


3.1 






7 


infertile 








8 


infertile 








9 


infertile 








10* 


infertile 


6.1 






11 * 


fertile 


16,7 


«** 




12* 


fertile 


10.8 


*** 




13* 


fertile 


22.8 


4M 




14* 


fertile 


21.3 


*** 


LHS + 1 


15* 


fertile 


9.4 


*** 




16* 


fertile 


12.2 


*** 




17 


postfertile 








18 


postfertile 








19 


postfertile 








20 


postfertile 








21 


postfertile 








22 


postfertile 








23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 
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Days warning of actual ovulation: 3 

Mean LHS from cycles A1 to A4: day "1 5.3". 

Repeated testing commencement day for next cycle: day 10. 

Fail-safe day for the next cycle: day 13. 



5 





CYCLE A 5 


Second routine cycle 


Day Test ovulation 


Phase 


E3G value 


Red status 


Actual 


10 


1 


infertile 










2 


Infertile 










3 


infertile 










4 


infertile 








IS 


5 


infertile 










6* 


infertile 


4.8 








7 


infertile 










6 


infertile 










9 


infertile 








20 


10* 


infertile 


8.5 








11 * 


infertile 


7.3 








12* 


infertile 


6.3 








13* 


infertile 


7.0 


*«* 




25 


14* 


fertile 


11.8 


*** 






15* 


fertile 


19.3 


«** 






16* 


fertile 


18.5 


*** 






17 


fertile 




*** 


LHS + 1 




18 


fertile 








30 


19 


fertile 




•** 






20 


postfertile 










21 


postfertile 










22 


postfertile 








35 


23 


postfertile 










24 


postfertile 










25 


postfertile 










26 


postfertile 










27 


postfertile 








40 


28 


postfertile 










29 


postfertile 










30 


postfertile 









Days waming of actual ovulation: 4 (triggered by fail-safe) 
Mean LHS from cycles A1 to A5: day ■15.4'. 
Repeated testing commencement day for next cycle: day 10. 
Fail-safe day for the next cycle: day 13 



INDIVIDUAL B 
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IS 



20 



25 



30 



3S 



CYCLE B1: Start-UD cycle 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


Infertile 








6 


infertile 




**4 




7 


infertile 




*** 




8* 


Infertile 


25.1 


*** 




9* 


infertile 


10.1 


*** 




10* 


Infertile 


16.8 


*** 




11 * 


infertile 


28.2 


**♦ 




12* 


infertile 


24.6 


**« 




13* 


infertile 


28.7 


. 




14* 


Infertile 


27.7 






15* 


infertile 


62.6 


**♦ 




16* 


infertile 


68.5 






17* 


fertile 


61.9 


*** 




18* 


fertile 


103.4 


**♦ 




19* 


fertile 


85.4 


•*« 




20* 


fertile 


45.4 


•**-*■ 


LHS + 1 


21 * 


fertile 


14.9 


*** 




22* 


fertile 


46.6 


•** 




23* 


postfertile 


49.3 






24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









LH surge was on day 19. therefore repeated testing to commence on day 15 in next cycle. 



45 



so 



ss 



CYCLE B 2 


Day Test ovulation 


Phase 


ESQ value 


"Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


28.9 






7 


Infertile 








6 


infertile 








9 


infertile 








10 


infertile 








11 


infertile 








12 


infertile 




♦•♦ 





Continuation of the Table on the next page 
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(continued) 



5 



2S 



CYCLE B 2 


Day Test ovulation 


Phase 


tovji vatue 


rieo siaius 


MCiuai 


1 o 


inTeniie 




*** 




14 


infertile 




*** 




15 * 


fertile 


62.0 


*** 




16* 


fertile 


94.6 


*** 




17 * 


fertile 


58.4 


*** 


LHo + 1 


18 * 


fertile 


AfS A 

A2A 


*** 




19* 


fertile 


60.4 






20 * 


fertile 


56.0 






21 * 


postfertile 


35.0 
















23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









Mean LHS fronn cycles B1 and 82 Is day '17.5", therefore repeated testing to commence on day 1 3 In next cycle. 



30 



40 



so 



55 



CYCLE B 3 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 


Infertile 








2 


Infertile 








3 


infertile 








4 


Infertile 








5 


infertile 








6* 


infertile 


17.2 






7 


infertile 








8 


infertile 








9 


infertile 








10 


infertile 




*** 




11 


infertile 




*** 




12 


infertile 








13* 


infertile 


23.9 






14* 


fertile 


63.8 






15* 


fertile 


22.1 


*** 




16* 


fertile 


65.9 


*** 




17* 


fertile 


41.2 




LHS + 1 


18* 


fertile 


7.6 


it** 




19* 


fertile 


35.3 


*** 




20 


postfertile 








21 


postfertile 








22 


postfertile 








23 


postfertile 









Continuation of the Table on the next page 
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(continued) 



5 



CYCLE B 3 


Day Test ovulation 


Phase 


E3G value 


■Red' status 


Actual 


24 


postlertile 








25 


postfertlle 








26 


postfertile 








27 


postfertlle 








28 


postfertile 








29 


postfertile 








30 


postfertile 









Mean LHS from cycles B1 to 83: day 17. 

Repeated testing commencement day tor first routine cycle: day 12. Fail-safe day for the first routine cycle: day 15 



20 



30 



so 



CYCLE B 4 


First routine cycle 


Day Test ovulation 


Phase 


E3G value 


"Red" status 


Actual 


1 


infertile 








2 


infertile 








3 


infertile 








4 


infertile 








5 


infertile 








6* 


infertile 


12.9 






7 


Infertile 








B 


infertile 








9 


infertile 








10 


infertile 








11 


infertile 








12* 


infertile 


38.3 


*** 




13* 


fertile 


70,6 


*** 




14* 


fertile 


74.6 


«** 




15* 


fertile 


70.6 


*** 




16* 


fertile 


49.7 




LHS + 1 


17* 


fertile 


23.5 


*** 




18* 


fertile 


29.8 


*** 




19 


postfertile 








20 


postfertile 








21 


postfertile 








22 


postfertile 








23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertlle 








30 


postfertile 









55 

Days warning of actual ovulation: 4 

Mean LHS from cycles 81 to 84: day "16.5". 
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Repeated testing commencement day for next cycle: day 11 . 
Fail-safe day for the next cycle: day 14 



s 



30 



CYCLE B 5 


Second routine cycle 


Day Test ovulation 


Phase 


E3G value 


•Red" status 


Actual 


1 


infertile 








2 


Infertile 








3 


infertile 








4 


infertile 








5 


Infertile 








6* 


infertile 


72 






7 


infertile 








6 


infertile 








9 


infertile 








10 


infertile 








11 * 


infertile 


14.1 






12* 


Infertile 


174 






13* 


infertile 


41.3 


«** 




14* 


infertile 


57.5 


*** 




15* 


fertile 


42.0 


«•* 




16* 


fertile 


55.4 


♦** 




17* 


fertile 


60.1 






IB 


fertile 




*** 


LHS + 1 


19 


fertile 




*** 




20 


fertile 




*** 




21 


postfertile 








22 


postferlile 








23 


postfertile 








24 


postfertile 








25 


postfertile 








26 


postfertile 








27 


postfertile 








28 


postfertile 








29 


postfertile 








30 


postfertile 









Days warning of actual ovulation: 5 

LHS detected on last day at testing. Mean LHS from cycles B1 to 85: day '16.6'. 
Repeated testing commencement day for next cycle: day 11. 
Fall-safe day for the next cycle: day 14 



EXARflPLE 3 



This example illustrates a very simple but convenient human contraceptive system, relying solely per cycle on a 
limited number of assays for the urinary analyte E3G. 

The user is provided with a 'monthly' batch of 8 identical disposable assay devices, each comprising an assay strip 
to which a urine sample can be applied, the strip including all necessary reagents to enable a signal indicative of the 
E3G concentration to be provided, for example by a competition reaction involving a labelled specific binding reagent 
which becomes bound in a detection zone on the strip in an amount directly or inversely proportional to the E3G con- 
centration in the urine sample. An optical electronic reader is also provided, which converts signal information from the 
used strip into numerical data and processes this data to provide the user with appropriate information concerning cycle 
status. 
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An initial urine assay is performed on day 6 of the current cycle (day 1 being the day on which menses is first 
observed), to establish a base reference for the E3G concentration in this cycle. 

A second urine assay is performed on day 9, and each day thereafter, until either all tests are used up, or until an 
indication of an elevated E3G concentration indicative of imminent ovulation is given. A sufficiently elevated E3G con- 
5 centration is declared when the ratio of the reference concentration [r] to the test concentration [i] first meets the criterion: 

13^2 
\r]- 

in the case of direct proportionality between the test signal and the E3G concentration, or 

10 [i] - 

in the case of inverse proportionality. 

Unprotected intercourse is avoided on the day the sufficiently elevated E3G concentration is detected, and for 12 
Immediately successive days thereafter. 

If a sufficiently elevated E3G concentration is not detected before all of the tests have been used, unprotected 
IS ' intercourse is avoided for 15 immediately successive days following the last test day. 

As a further fail-safe, the E3G peak (as hereinbefore defined) is used to record the day of ovulation in previous 
cycles, and the user is advised that the fertile phase has commenced if a sufficiently elevated E3G concentration is not 
detected prior to 3 days before the mean ovulation d^y. 
Conception does not occur. 

20 This example provides the benefit to the user that only a few tests are required per month. Manufacturing simplicity 

is also provided, because only one analyte (E3G) is assayed. 

If desired, the assay can be made more sophisticated, for example by enabling the event of ovulation to be detected 
by including urinary LH concentration data, and by pooling data from previous cycles, so that the abstinence period may 
be reduced further without increasing the likelihood of conception, as described generally hereinbefore. 



2S 



Example 5 



This Example illustrates a combined LH/E3G assay according to the invention. The physical construction and meth- 
ods of manufacture of appropriate devices, including manufacture of reagents, are described in detail in EP-A-291194 
30 andEP-A-383619. 

The E3G latex is prepared by combining blue-coloured latex particles (mean diameter 380 nm) with an anti-E3G 
monoclonal antibody of affinity in solution of about 1 0^° litres/mole. The antibody (1 70 ^lg/ml) Is mixed with latex particles 
(0.5% solids) in a sodium borate buffer at pH 8,5. Vacant binding sites on the latex surface are blocked with BSA [25 
mg/mQ. The latex is then washed to remove non-adsorbed materials. 
35 The LH latex is prepared from an anti-beta LH monoclonal antibody adsorbed onto blue-coloured latex particles 

(380 nm). This process is carried out with an antibody to latex ratio of 100 ^ig/ml to 0.5% solids in a sodium borate buffer 
(pH 8.5) containing ethanol (ratio of 6 to 1 v/v), followed by blocking the vacant binding sites with BSA (25 mg/ml). The 
latex is then washed to remove non-adsort^ed materials. 

A sheet (1 .4mm thick) of commercially-available, detergent pre-treated, macroporous polyethylene having a pore 
40 size of about 100 microns is saturated with an aqueous suspension of equal amounts of both populations of the latex 
particles as prepared above, 0.008% total solids, in a Tris buffer at pH 8.5 containing 3% BSA and 1% sugar. The sheet 
is freeze-dried and cut Into portions each 6x12 mm, having a liquid capacity of about 50 p.L 

The solid phase strip on which the levels of E3G and LH are detected is nitrocellulose, of Bji nominal pore size, 
bonded to a polyester backing sheet. An E3G-protein (ovalbumen) conjugate, and an anti-alpha LH antibody, are sep- 
45 arately plotted as lines onto the nitrocellulose at different locations (see Fig. 9) using solutions containing 2mg/ml of the 
respective reagent in phosphate buffer at pH 7.4. The nitrocellulose is blocked with PVA before being cut into strips. 

The above reagents are used in the assembly of an assay device as generally described and Illustrated under 
embodiment 1 of EP-A-383619. 

Figures 9a and 9b of the accompanying drawings illustrate the device. 
so Figure 9a shows the strip 901 of nitrocellulose on a backing strip 902 of transparent polyester. The strip has a length 

of 40mm and width 6mm. Line 903 represents the position of the anti-LH antibody immobilised on the strip. This line is 
approximately 1mm wide and is centred 10mm from the left hand end 904 of strip 1. Line 905 represents the position 
of the immobilised E3G. This is also a line of about 1 mm width and is centred 16mm from the left hand end of the strip. 

Figure 9b shows the assembled device in cross-section. The device comprises a casing having an upper half 910 
ss and a lower half 91 1 . A bibulous sample receiving member (wick) 91 2 protrudes from the left hand end 91 3 of the casing. 
The macro-porous body 91 4 containing the two populations of latex particles is in contact with the wick within the casing. 
The casing also contains the strip 901 and its associated backing sheet 902. Sample liquid applied to the sample collector 
912 can migrate via macro-porous body 914 into strip 901. The casing has an upper aperture or window 914 and a 
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6. A test kit according to claim 5, wherein said diffuse light Is pulsed, and said electronic means Is programmed to 
control said sensing means such that said sensing means only senses Incident light in phase with said pulsed light, 
said light preferably having a pulse frequency of at least about 1 kHz. 

s 7. A test kit as claimed in claim 5 or claim 6, wherein said receiving means incorporates interlocking means (506) 
engagable with corresponding Interlocking means (709) on said testing device to ensure that upon receipt of said 
testing device by said reader/monitor said detection zones are located and maintained In a predetermined spacial 
relationship relative to said sensing means, and preferably wherein said receiving means includes actuating means 
(504) triggered by said receipt of said testing device, said actuating means causing said reading of said detection 

10 zones to be initiated. 

8. A test kit according to any one of the preceding claims, containing a sufficient plurality of disposable testing devices 
to enable a user to conduct testing on a one-per-day basis for a maximum of 16 days in any one ovulation cycle. 

IS 9. A method of replenishing a test kit according to any one of the preceding claims, by adding thereto a replacement 
pack, containing a plurality, preferably not more than 12. and kieally about 7 to 10. of disposable testing devk:es 
preferably supplied with Instructions to the user to use all of said testing devrces during the course of one ovulation 
cycle. 

20 10. A method of monitoring the human ovulation cycle, using a test kit according to any one of claims 1 to 9, wherein 
testing is conducted at least once during the inten/al spanning days 1 to 7 inclusive calculated from the onset of 
menses, to establish a reference concentratbn value or signal for said second anaiyte in the current cycle, said 
testing is temporarily ceased, and then testing is conducted at least once, preferably daily, during a period of days 
commencing at least 5, preferably at least 6, numerical days in advance of the mean numerical day on which actual 

25 ovulation has ocurred over one or more previous ovulation cycles in the same Individual subject, second anaiyte 

concentration values or signals obtained during said period of days being compared with the reference concentration 
value or signal to determine whether a concentratk)n change indicative of imminent ovulationis occurring or has 
occurred since the prevbus test. 

30 11. A method according to claim 10, wherein said concentration reference value Is established from test(s) conducted 
on day 5 and/or day 6. preferably just a single test conducted on day 6. 

12. A method according to any either of claims 10 or 11, wherein the body fluid is urine and the second anaiyte Is 
estradiol or a metabolite thereof, such as E3G, and wherein a significant difference between the second anaiyte 

3S reference concentration value [r] and a test value [i], indicative of imminent ovulation, is taken to be: 

in the case of direct proportionality between the test signal and anaiyte concentration, or the inverse in the case of 
inverse proportionality between the test signal and anaiyte concentration. 

40 

13. A method according to claim 12. wherein the anaiyte is E3G, and the significant difference in E3G concentration [i] 
indicative of imminent ovulation Is taken to be: 



45 in the case of direct proportionality between the test signal and E3G concentratfon, or the inverse in the case of 

inverse proportionality between the test signal and E3G concentration. 

14. A method according to any one of claims 10 to 13, wherein the body fluid concentratbn of LH is determined to 
identify the actual ovulation day in the current cycle. 

so 

15. A method according to any one of claims 10 to 14, wherein the end of the fertile phase is declared from knowledge 
of the LH surge in the current cycle, preferably wherein the end of the fertile phase is taken to occur on the fourth 
day following LH surge detection. 

ss 16. A method according to any one of claims 10 to 1 5, wherein the start of the fertile phase is declared if the expected 
significant change in second anaiyte concentration has not been detected prior to at least 2, preferably at least 3. 
days before the numerfcal day in the cun-ent cycle on which actual ovulation is predicted to occur, based on knowl- 
edge derived from first anaiyte concentration measurements obtained In one or more previous cycles. 
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17. An assay device for use in the determination of two or more analytes In a single sample liquid, such as urine, at 
least one of said analytes being determinable by means of a sandwich-format binding reaction involving two binding 
reagents specific for different epitopes on said anatyte and at least one other of said analytes being a hapten, and 
therefore not determinable readily by means of a sandwich-format binding reaction, the device comprising, prefer- 
s ably within a protective casing: 

a) a strip (901) of porous material along which sample liquid can migrate; 

b) two or more detection zones (903, 905) at least one per analyte to be determined, on said strip, located 
10 downstream from the site of sample liquid addition to said strip, of which zones: 

i) at least one zone contains an Immobilised capture agent being a specific binding agent for said first 
analyte or a specific binding agent which can capture a sandwich-format complex including said first analyte, 
and 

15 

ii) at least one other zone contains an immobilised capture agent which is either the hapten or an analogue 
thereof; 

c) two or more populations of particles, located upstream from said detection zones, capable of migrating 
20 through said strip with said sample liquid, of which populatbns: 

i) at least one population carries a binding agent specific for saldflrst analyte, or specific for another specific 
binding agent also present in the device and which can participate in a sandwich-format reaction with said 

first analyte, and 

25 

ii) at least one other population carries a binding agent specific for said hapten; 

the presence of said first analyte in said sample liquid leading to binding of particles in said at least one detection 
zone in an amount directly proportional to the concentration of said first analyte in said sample liquid, and the 
30 presence of said hapten in said sample liquid leading to a reduction in binding of particles of said at least one other 

population in said other detection zone in an amount directly proportional to the concentration of said hapten in said 
sample liquid, the detection zone containing the immobilised hapten or immobilised hapten analogue being prefer- 
ably sited downstream from the detection zone associated with the first analyte. 

35 18. A device according to claim 17. wherein said second detection zone is downstream from said first detection zone. 

19. A device according to claim 17 or claim 18, wherein said first analyte is luteinizing hormone (LH). 

20. A device according to any one of claims 17 to 19, wherein said second anatyte is estradiol or a metabolite thereof, 
40 such as E3G. 

21. A device according to any one of claims 17 to 20 wherein the particles are latex particles, preferably coloured. 

22. A device according to any one of claims 17 to 21 wherein the affinity of the anti-hapten specific binding agent is at 
45 least about 10^, preferably about 10^°, moles/litre. 

23. A method of determining the presence and/or concentration of two or more analytes in a single sample liquid, at 
least one of said analytes being determinable by means of a sandwich-format binding reaction involving two binding 
reagents specific for different epitopes on said analyte and at least one other of said analytes being a hapten, and 

so therefore not detemiinable readily by means of a sandwich-format binding reaction, which method comprises the 
steps of: 

a) providing a device comprising a strip of porous material along which said sample liquid can migrate, the strip 
having two or more specially distinct detection zones, at least one per analyte to be determined located down- 
ss stream from the site of sample liquid addition to said strip, of which zones: 

i) at least one zone contains an immobilised capture agent being a specific binding agent for said first 
analyte or a specific binding agent which can capture a sandwich-format complex including said first anatyte, 
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and 

ii) at least one other zone contains an immobiiised capture agent which is either the hapten or an analogue 
thereof; 

5 

b) providing two or more populations of particles capable of migrating through said strip with said sample liquid. 

of which populations: 

i) at least one population carries a binding agent specific for said first analyte, or specific for another specific 
10 binding agent which can participate in a sandwich-format reaction with said first analyte. and 

il) at least one other population carriers a binding agent specific for said hapten; and 

c) causing said populations of particles to become suspended in said sample liquid and to migrate with said 
IS sample liquid through said strip; the presence of said first analyte in said sample liquid leading to binding of 

particles in said at feast one detection zone in an amount directly proportional to the concentration of said first 
analyte in said sample liquid, and the presence of said hapten in said sample liquid leading to a reduction in 
binding of particles of said at least one other population In said other detection zone in an amount directly 
proportional to the concentration of said hapten in said sample liquid, the detection zone containing the immo- 
20 bilised hapten or imnK)bilised hapten analogue being preferably sited downstream from the detection zone 

associated with the first analyte. 

24. A method according to claim 23, wherein said second detectbn zone is downstream from said first detection zone. 

2S 25, A method according to claim 23 or claim 24, wherein the extent of particle binding In each of said detection zones 
is determined by measuring the extinction of electromagnetic radiation, such as light, when transmitted through the 
thickness of said strip. 

26. A test kit for monitoring the fertility status of the human ovulation cycle and providing a user with an indication of 
30 the fertility status, comprising: 

i) a plurality of assay devices according to any one of claims 17 to 23; and 

ii) an electronic monitor comprising: 

35 

a) reading means for reading one of the assay devices; 

b) information processing means for determining from said assay device reading, sample liquid concen- 
tration values tor said at least two analytes; 

40 

c) information processing means and memory means for deriving from said concentration values and from 
previously-derived concentration values an indication of the current fertility status of a human subject under 
test; and 

4S d) display means (433, 434) for communicating sakj current fertility status to a user of said electronic device. 

27. A test kit according to claim 26, wherein said electronic device comprises receiving means (442) for receiving said 
assay device, said reading means being located within said receiving means, and wherein reading is achieved by 
optical transmission through said assay device when received by said receiving means. 

SO 

28. A test kit according to claim 26 or claim 27, wherein said display means comprises one or more light sources which 
provkje a coloured signal to the user, a variation in fertility status being indicated by a colour change. 



55 



34 



EP 0 703 454 A1 




35 



EP 0 703 454 A1 




36 



EP 0 703 454 A1 




37 



EP 0 703 454 A1 




38 



EP 0 703 454 A1 




39 



EP 0 703 454 A1 




70 



40 



EP 0 703 454 A1 



2 



O 
CD 



Ql 
Q 



cc 
o 

Ql 



TT 



00 

d) 
Ll 



O 
GO 



o 



cx 

5c uj t: 



QC 



5g 



o 
o 

00. 



1 



QC 
O 



O 



LO 
O 
00. 



o 

00. 



I 

I 



U->d 



CX 

o 



1 



I h 















o 






a 










CM 


o 




' O 


32 




I 00 


Q. 









o- 

00 



UJ 




ZD 

OQC 

m 



o 
q: 



8 



Si 



. DC ' 

uj<a: 



s 

3:5:p: 



UJ 

cr 

UJ 

I— 
□0 



CO 

o 

00 



oo 
o 

CO 



41 



EP 0 703 454 A1 




42 



EP 0 703 454 A1 



E«™p»n P«». EUROPEAN SEARCH REPORT a„«^n«». 
omce EP 95 30 6661 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Catecory 


of rekvant passages 


Rdevaot 

to daini 


CLikSSDICATION OF THS 
APPUCATION OMfU) 


Y 

A 
Y 
A 

A 

P,A 


WO-A-94 04926 (UNILEVER PLC ;UNILEVER NV 
(NL); UNIPATH LIMITED (GB); CATT MICHAEL) 
3 March 1994 

* page 8, line 4 - page 25, line 37* 

EP-A-0 383 619 (UNILEVER PLC ; UNILEVER NV 
(NL)) 22 August 1990 

* column 4, line 37 - column 5, line 50 * 

* column 9, line 2 - line 9 * 

* column 11, line 1 - line 9 * 

WO-A-94 02850 (MEDIX BIOTECH INC ;WELLS 
IAN D (US); LEIVA WILLIAM A (US)) 3 
February 1994 

* page 6, line 1 - page 16, line 9 * 
EP-A-0 653 625 (UNIPATH LTD) 17 May 1995 

* the whole document * 


1-3,8. 

17-21, 

23,24.26 

5,10-15, 

28 

1-3.8. 
17-21. 
23,24.26 
14,15 

4.25 

1-7, 
23-25 


G01N33/76 
A61B10/00 


TECHNICAL FIELDS 
SEABCHED OotCLO 




A61B 

GOIN 


The present fcanh Rport has been draws iq> for all datms 


tiwatSUMtk IM«ofcH|MlM«fttittiRfe ixmimr 

THE HAGUE 12 January 1996 Bindon, C 


CATEGORY OF CTTED DOCUMEim T : thaiy or priadpU ondstyfag the imcntiitt 

E : eaiticr patent toeumc&t, km paMshfld on, or 
X : particttlariy rdevnt if taken alBae aftv Che fttiac fate 
Y : putiadarly tclerant if oimlifaMi with amiChtr D : dnnmwit dted in the applkation 
tocuiBCStt of the same categosy L : <ocom«t dted for other reasons 

O : ann-iirittBi disdnsine ft ; aoaber of the sane palest faal^, conespimliBg 
P : iatoaeiiate docuaicsl docniaent 



43 



5 



EP0 711 414 B1 



6 



posant immunotoglque.-d'une part, et un rdactif immu- 
nologique constitud par das parttcules non-magndti- 

ques sensibilisees par un second composant immuno- 
logique. d'autre 'part. !'un desdrts premier et second 
connposants etani un anttcorps de (a substance immu- s 
r.ologjque X k tester. I'autre etant anti(X). anti(antiX) ou 
iadite .substance immunologjque X. 
[0021] Seton un premier aspect de I'invention, on pre- 
conise cone un procede de dosage, d'identification ou 
de determination en retour de fat;on directe d'une subs- fO 
tance immunologique (X) choisie parnr>l I'ensemble 
constitue par les antigenes et les anticorps et suscepti- 
ble d'etre presente dans un ^chantillon d tester, ledit 
proc^d^, qui met en oeuvre (I) des partlculss de latex 
magndtiques. (ni) des parttcules non-magnetlques et is 
(ill) une reaction immunologique 

X + anliX X(antiX). 

20 

dtant caractdrisd en ce qu'ii comprend les Stapes con- 
sistant k 

(T) mettre en contact dans un milieu llquide ledit 
dchantiilon k tester et pouvant contenir iadite subs- 2$ 
tance immunologique avec des quantitte bioiogi- 
quement connues 

(A) d'un premier r^actif immunologique en sus- 
pension dans un tampon et constitud par des 30 
parttcules de latex magndtiques sensibilisees 
par un premier composant qui est un anticorps 
(antiX) de Iadite substance immunologiqua, et 

(B) d*un second rdactif immunotogtque en sus- 
pension dans un tampon et constitud par des 35 
particuies non-magn^tiques sensibilisees par 

un second composant qui est un anticorps de 
iadite substance immunologique, iedit second 
. composant dtant (i) stoechiometriquement en 
excds par rapport k Iadite substance immuno- 40 
logiqua X k tester et (ii) different dudit premier 
composant (antlX) : 

(2'') incuber le mifieu rdactionnel rdsuttant pendant 
une durde tnfdrieure ou dgaie d 1 h pour mettre en 4S 
oeuvre la ou les reactions immunotogiques X + an- 
tiX -> X-(antiX) ; 

(3**) appllquer un champ magndtique pour sdparer. 
dans le milieu r^actionnel resultant, les prodults 
magndtiquee depiac^s par ledit chanrp magndtique so 
des produrts non-magn^tlques non affectds par le- 
dit champ magnetique ; puis, 
(4'') dvaluer tadite substance inrvnunoiogique (X). 
pouvant dtre presente dans i'tehantillon k tester, 
par {'observation de la portion (P) du milieu rdac- ss 
tionnei rdsuitant ne contenant que des produits 
non-magnetiques en suspension dans Iadite por- 
tion (P) et non affectds par la reaction immunologi- 



que et ledit champ magnettque. 

[0022] Salon un second aspect de I'invention on pre- 
conise un procede de dosage, d'identification ou de de- 
termination en retour de iagon directe d'une substance 
immunologique (X) choisie parmi I'ensemble constitue 
par les anticorps et susceptible d'Stre presents dans un 
echantillon a tester, ledit procede, qui met en oeuvre n) 
des particuies de latex magn6tiques. (ni) des particuies 
non-magndtiques et (iii) une reaction immunologique 

Antig6ne + anticorps antig6ne - anticorps 

etant caract^risd en ce qu'il comprend les Stapes con- 
sistant k 

mettre en contact dans un milieu liquide ledit 
echantillon k tester et pouvant contenir Iadite subs- 
tance Immunologique avec des quantitds biologi- 
quement connues 

(A) tfun prsTiier rdactif immunologique. en sus- 
pension dans un tampon et constitue par des 
particuies de latex magnetiques sensibilisees 
par un premier composant qui est un antigens 
specifique de tadite substance immunologique. 
et 

(B) d'un second react if immunologique en sus- 
pension dans un tampon et constitue par des 
particuies non-magnetiques sensibilisees par 
un second composant qui est un antlgdne de 
Iadite sut)stance immunologique. ledit second 
composant etant (i) stoechiometriquement en 
exces par rapport k Iadite substance immuno- 
bgique X k tester et (ni) different dudit premier 
composant antigens ; 

(2*) incuber le milieu reactlonnel resultant pendant 
une duree interieure ou egaie k 1 h pour mettre en 
oeuvre la ou les reactions immunologiques antige- 
ns •»> anticorps antigene-antlcorps ; 
(S**) appllquer un champ magnetique pour separer 
dans le milieu reactionnei resultant, les produits 
magnetiques deplaces par ledit champ magnetique 
des produits non-magnetiques non affectes par le- 
. dit champ magnetique ; puis. 
(4') evaluer Iadite substance immunologique (X), 
pouvant dtre presente dans rechantillon k tester, 
par Tobservatton de la portion (?) du milieu reac- 
tionnei resultant ne contenant que des produits 
non-magnetiques en suspension dans iadite por- 
tion (P) et non affectes par la reaction immunologi- 
que et iedit champ magnetique. 

[0023] Selon un troisidme aspect de I'invention. on 
preconise un precede de dosage, d'identification ou de 
determination d'une substance immunoiogique (X) choi- 
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sie pamni I'ensemble constitu^ par ies antigenes et les 
anticorps el susceptible d'fitre pr^sente dans un echan- 
tillon k tester, ledit procdde, qui met en oeuvre (i) das 
particules de latex magndtiques. (ni) des particules non- 
rrtagn^tiques et (ill) une reaction immunologique s 

X + anliX X-(antiX). 

etant caractdrisd en cs qu'it comprend les stapes con- 
sistant & 

(1*) mettre en contact dans un milieu liquide ledit 
echantillon k tester et pouvant contenir ladite subs- 
tance immunologique avec des quantitds biology is 
quement connues 

(A) d'un premier rdactif immunologique en sus- 
pension dans un tampon et constitud par des 
particules de latex magndtiques sensibilis^es 20 
par un premier composant qui est un anticorps 
(antiX) de ladite substance immunologique, et 

(B) d'un second r^actif immunologique en sus- 
pension dans un tampon et constrtud par des 
particules non-magn^ttques sensibitisees par 
un second composant qui est ladite substance 
immunologique ; 

(2") incuber le milieu r^actlonnel rdsuttant pendant 
une durde infdrieure ou egaie k 1 h pour mettre en so 
oeuvre la ou les reactions immunologlques X an* 
tiX X.(antiX) ; 

(3**) appliquer un champ o^gndtique pour s^parer. 
dans le milieu rdactionnel resultant, les produits 
magndtiques d^placds par fedrt champ magndtique 3S 
des produits non-magndtiques non affectds par le* 
dit champ magndtlqua ; puis, 
(4") dvaluer ladite substance immunologiqua (X) k 
tester pouvant Stre prdsente dans I'dchantillon k 
tester, par I'obsen/ation de la portion (P) du milieu 40 
r^actionnel rdsultant ne contenant que des produits 
non-magndtlques en suspensions dans ladfte por- 
tion (P) et non affectds par la reaction immunologi- 
que et ledit champ magndtique. 

[00241 Selon finventlon on propose dgalement un n4- 
cessatre, kit ou trousse de dosage pour doser, Identifier 
ou determiner une substance immunologique (X) pou- 
vant dtre contenue dans un dchantilion k tester, ledit n^ 
cessaire dtant caractdrisd en ce qu'il comprend so 

(A) un rdactif immunologique constitud par des par- 
ticules de latex magndtiques sensibilis^es par ledit 
premier composant. et 

(B) un r^actif immunologique constitud par des par- ss 
ticules non-magn^tlques sensibilisdes par ledit se- 
cond composant 



[0025] Plus prdcisement. ledit ndcessaire comprend 

• pour la miss en oeuvre du procWe selon le premier 
aspect cl-dessus : 

(A) un reactif immunologique constitue par des 
particules de latex magn^tiques sensibilisees 
par un premier anticorps (antiX) de la substan- 
ce X, et 

(B) un rdactif immunologique constitu^ par des 
particules non-magnetiques sensibilisees par 
un sscond anticorps de la substance X different 
dudrt premier anticorps antiX : 

pour la mise en oeuvre du proc^d selon le second 
aspect ct-dessus ou la substance immunologique X 
k tester est un anticorps : 

(A) un reactif Immunologique constitud par des 
particules de latex magndtiques sensibilisees 
par un premier antig^ne specifique de Tanti- 
corps X, et 

(B) un rdactif immunologique constitud par des 
particules non-magndtiques sensibilisees par 
un second antlgdne sp6cifique de ranticorps X 
et different dudit premier antigene ; et, 

• pour la mise en oeuvre du procede selon le troisid- 
me aspect ci-dessus : 

(A) un reactif immunologique constitud par des 
particules de latex magnetiques sensibilisees 
par un premier composant qui est un anticorps 
(antiX) de la substance X. et 

(B) un reactif immunologique constitud par des 
particules non-magndtiques sensibilisees par 
un second composant qui est ladite substance 
X. 

AbrMaHon9 

[0026] Par comnrtoditd les abr^iations suivantes ont 
ete utiltsees dans la prdsente invention. 

CMV designe un cytomegalovirus ; 

D designs un fragment monomere paniculier 

appartenant ^ Tensemble de FDP ; 

OOi designs un fragment 0 dimere particulier ap- 
. panenant k I'ensemble des FnOP ; 

EIA designe un essat enzymo-immunologique 
(de I'anglais : "enzymoimmunoassay*) ; 

F{ab) designs un fragment d'un anticorps du type 
1 g comportant les branches a et b et obtenu 
par clivage dudIt anticorps par ia papains ; 

F(ab')2 designs un fragment d'un anticorps du type 
Ig comportant les branchss a et b et obtenu 
par clivage dudIt anticorps par la pepsine ; 

Fc designe un fragment tfun anticorps du type 
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20 



9C3 



25 



2F7 



7D4 



. Ig essentieliSment constitu^ par la branche 
c dt obtenu par clivage chirr^ique ou 
enzymatique : les fragments Fc sont homo- 
logues mais'structureliement diffSrents se- 
ton ie mode de clivage [voir k cet effet les 
indicadons foumies dans fa publication FR- 
A-2 645 647 en ce qui concerne les Fc s6- 
pares de F(ab) et r(ab')2J : 

FDR designe les produits de degradations du ty* 
pe FgDP ou FnOP ; 

FgOP designe les produits de degradation du 
fibrtnogdne ; 

FnOP designe tes produits da degradation de la 

fibrine : 

GMV designe un virus de la rubdole (de i'anglais : 

'German measles virus') ; 
HBcAb designe un anticorps de noyau du virus de 

rhepatite B (en anglais : 'hepatitis B core 

antibody') ; 

HScAg designe un antig^ne de noyau du virus de 
rhdpatite B (en anglais : 'hepatitis B core 
antigen") ; 

HBsAb ddslgne un anticorps de surface du virus de 
rhdpatfte B (en anglais : 'hepatitis B surface 
antibody') ; 

HBsAg designe un antigdne de surface du virus de 
rh^patite 8 (en anglais : 'hepatitis B surface 
antigen') ; 

HCV ddsigne un virus de I'hdpatita C ; 

HIV designe un viois d'immunodeficiance hu- 30 7F5 
maine (en anglais: "human immunodefi- 
ciency virus') : 

HSV designs un virus de rherp6s (en anglais: 
'herpes simplex vinjs'); 

Ig designe une immunoglobuline, notamment 

une IgG, une IgM ou un melange (IgG/IgM) 
desdeux; 

IVa designe un virus de la grippe de type A (en 
anglais : 'Influenza A virus') ; 

IVq designs un virus de la grippe de type B (en 
anglais : 'Influenza B virus') ; 

OO designe la densite optique ; 

PAI designe un inhibitaur das activateurs du 
plasmtnogdna ; 

PAI-1 designe I'lnhbKeur 1 des activateurs du 
plasminogens, substance formant des com- 
plexes (tPA-PAI-1) et (uPA-PAI-1) avec tPA 
et respectivement uPA ; 

RF designs Ie facteur rhumatoide ; 

RfA designe un essai.radio-immunologique (da 
f anglais : 'radioimmunoassay') ; 

RSV designe un virus de la syncinesie respiratoi- 
re (en anglais 'respiratory syncitial virus') ; 

RT designe la temperature ambiante 

(18-25'C); 

tPA designs tout activateur du plasminogdne de 
type tissulaire (en anglais : tissue plasmino- 
gen activator') et comprend les sctPA (acti- 



vateur du plasminogenede type tissulaire de 
structure monocatenaire. en anglais : 'sin- 
gle-chain tissue plasminogen activator') et 
tciPA (activateur du plasminogene de lype 
tissulaire de structure bicatenaire. en 
anglais: "two-chain tissue plasminogen 
activator') ; 

designe un virus de la toxopiasmose ; 
designs tout activateur du plasminogene de 
type urokinase (de ranglais • 'urokinase 
plasminogen activator') et comprend les 
scuPA (activateur du plasminogene de type 
urokinase de structure monocatenaire, en 
anglais : 'single-chain urokinase plasmino- 
gen activator', egalement appeie prouroki- 
nase) et tcuPA (activateur du plasminogene 
de type urokinase de stnjcture bicatenaire. 
en anglais : 'two<hain urokinase plasmino- 
gen activator*, egalement denomme 
urokinase) ; 

anticorps monoclonal specifiqua du DOi 

(commercialise par la societe dite DIA- 

GNOSnCA STAGO): 

anticorps monoclonal specifique du DDI 

(conrwnerciallse par ia societe dite DIA- 

GNOSTICA STAGO) ; 

anticorps monoclonal specifique du PAI-1 

(commercialise par la societe dite DIA- ' 

QNOSTICA STAGO) : 

anticorps monockDnal specifique du PAl-1 

(commercialise par ia societe dite 01 A- 

GNOSTICA STAGO). 
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Br^v0 d09w^tlon ctea desMins 

[0027] Dans las dasslns annexes, nutlement limitatif s, 

- ta figure 1 iltustre schematiquament ies mecanis- 
mes reactlonnels d'un dosage selon rinvention, dit 
*en retour' et utilisant des particutes de latex ma- 
gnetiques sensibiliseas par un anticorps leve contre 
la substance immunologiqua & dosar et des parti- 
culea de latex ncn-magnetlquas sansibilisees par 
un anticorps leve contra ladlta substance 
immunologique ; 

la figure 2 montre une courbe 'dose-reponse' eta- 
bile par turbidlmetrie (00 mesuree k 450 nm) et re- 
lative k retakyinage du dosage du 001 selon 
rinventiori ; 

la figure 3 montre une courts 'dosa-reponse' eta- 
bile, par comparaison, dans lee mdmes conditions 
que la courbe de la figure Z selon ies modalites 
operatotres ElA foumies dans la notice de ia trous- 
se 'ASSERACHROf^^H D-DIMERE* (conrwrierciali- 
sea par la societe dita orAGf^TICA STAGO pour 
la dosage du ODi) ; 

la figure 4 montre la correlation entre les dosages 
du ODi salon Ie precede da Tinvantion (figure 2) et 
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seion la mdthode EIA (figure 3) : 
ia figura 5 montre la courbe ■dose-reponse' du do- 
sage de (a Proteins C salon Tinvention : 
!a figure 6 montre une courbe 'dose-rdponse" 6ta- 
Oiie par fluorescence et relative ^ r^taionnage du 
dosage direct du OOi selon Tinvention : 
!a figure 7 montre une courbe "dose-reponse" eta- 
biie par fluorescence et relative k I'^talonnage du 
dosage en retcur du PAI-1 selon I'invention ; et. 
la figure 3 montre une courbe "dose-reponse" eta- 
biie par turbidimetrie (OD mesurde k 450 nm) et re- 
lative d r^taionnage du dosage en retour de HBsAb 
selon !e procadd da Tinvention. 

Deaeriptlon dStaillSe de HnvMilon 

[0028] Par ('expression 'substance immunologique' 
on entend tcl tout element d'un couple (antigdne/anti- 
corps) intervenant dans une reaction immunologique : 

antigdne + anticorps antigdne*anticorps 

[0029] Par 'substances antigdniques' on entend id 
les antigdnes proprenrient dits, d'une part, et les subs- 
tances h partir desqueiles or> peut gdndrer des anti* 
corps, d'autre part. Parmi les substances k partir des- 
queiles on peut gdndrer ies anticorps, on peut notam- 
ment citsr les haptdnes. les peptides, les medicaments 
comportant au molns un fragment peptidique, les alca- 
(oTdes et d'une mantdre gdndrale toutes substances pr^- 
sentant une structure immunologique. 
[0030] Le premier composant immunologique est 
fixe, par (i) adsorption ou (ni) par covalence (i.e. par I'in- 
termddiaire d'un composd bifonctionnei formant un 
pont). sur des partlcutes de latex magndtlques. 
[003 1 ] Les modatitds de fixation par adsorption ou co- 
valence sont ddcrites dans le brevet US-A-5 175 112 
prdcitd incorpord ici k titre de rdfdrence en ce qui ccn- 
ceme (i) la fixation par adsorption et par covalence. (ni) 
la stabilisation des particuies de latex et (ill) le nombre 
de millidqulvalents de groupes COOH par gramme de 
latex. 

[0032] Les particuies de. latex de ce premier r^actif 
immunologique sont magndtiquee, k savoir diamagnd- 
liques (elles sont repouss^es par un aimant) ou mieux 
selon I'invention paramagn^tiques (elles sont attir^es 
par un atnr^t). Ces particuies de latex sont sensible- 
ment sphdriques et se pr^entent avantageusement 
sous la forms de microbilles ayant un diamdtre se si* 
tuant dans i'ihtan^lle 0.02 - 20.0 micrometres. 
[0033] Le second composant immunologique est fixd 
sur des particuies non-magndtiques capables de fixer 
un antig^ne ou un anticorps, ces particuies non-magnd- 
tiques dtant notannment choisies parmi I'ensemble 
constltud par les particuies de latex, les particuies m6- 
talliques et les autres particuies adsorbantes telles que 
les argiles (notamment la bentonite) et le charbon actlf. 



Les particuies da latex non-magnetiques peuvent Stre 
soit non-color^es. soit colorees. soit encore suscepil- 
bles de fournir une coloration. L'utilisatlon de particuies 
de latex non-magnetiques fluorescentes. phosphores- 
5 centes. luminescenles. ou chemiluminescentes amelio- 
re la sensibilite du dosage selon I'invention. Les panj- 
cules metalliques peuvent §tre notamment des particu- 
ies colloidales d'or ou d'argenl. 
[0034] La fixation du second composant immunologi- 
10 que sur des particuies de latex non-magnetiques est 
realisee par adsorption ou par covalence comme indi- 
qu6ci-dessus ; la fixation du second composant sur des 
particuies metalliques (telles que Au colloidal ou Ag col- 
loidal) ou les autres particuies adsorbantes (telles que 

IS la bentonite et le charbon actif) est en general realisee 
par adsorption. Les particuies non-magnetiques. (avan- 
tageusement les particuies de latex non-magndtiques). 
servant k I'dlaboratlon du rdactif immunologique conte- 
nant tedit second composant immunoiogique, sont sen- 

20 siblement sphdriques et se prdsentent avantageuse- 
ment sous la forme de microbilles ayant un diam&tre se 
situant dans I'intervalle 0,01 - 10,0 micrometres. 
[0036] Oe tagon encore plus avantageuse, les parti- 
cuies de latex magndtiques (de preference ici des par- 

2S ticules de latex paramagnetiques) et les partlcutes non* 
magndtiques (notamment les particuies de latex non 
magnetiques) seront des particuies submicroniques. 
c'est-^-dire des microbilles ayant un diametre inferieur 
ou egal ^1 mcrometre, mdme si des particuies d'un 

30 diametre de 1 e 20 micrometres donnent des resultats 
corrects. 

[0036] On recommande plus particulierement d'utili- 
ser selon rinvention (1) des particuies de latex magneti- 
ques qui sont sensibilisees par le premier composant 

35 immunologique et qui ont un diametre compris dans I'in- 
ten/alle de 300 • 800 nm. et (11) des particuies non-ma- 
gnetiques qui sont sensibilisees par le second compo- 
sant immunoiogique et qui ont un diametre compris 
dans i'intenraile de 100 • 600 nm. 

40 [0037] Les latex utilises dans la mise en oeuvre de 
I'invention seront avantageusement des latex decrits 
dans US-A-5 175 112 preclte ou encore des latex chlo- 
romethyies. 

[0038] Le precede de i'invention permet t'identifica- 
^ tion. dans un milieu biologique aqueux tel que le sang 
(plasma ou serum), urine, saliva ou lait, d'une substance 
immunoiogique qui peut etre (I) une substance antige- 
nique telle que DDI. PAI. tPA (notamment sctPA et/ou 
tctPA), uPA (notamment scuPA et/ou tcuPA), Proteine 
so c. (ii) un antigene d'origine bacterienne ou virale tel que 
HBcAg, HBsAg. antigene de IV^ ou antigene de (Vb. ou 
(iii) un anticorps present dans ou dirige contre une por- 
tion d'enveloppe ou noyau de bacteria, moisissure ou 
virus tel que HBcAb. HBsAb, anticorps de CMV, GMV, 
SS HCV, HIV. HSV. MCV, RCV ou TV 

[0039] En pratique, selon une premiere solution tecli- 
. nique. la substance immunoiogique (X) k doser sera 
une substance antigenique (notamment OOi, FgOP. 
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FnDP. PAI, Proteins C,:HBcAb. HBsAg, RSV. IV^. IVg. 
adenovirus, etc.), le premior reactif immunologique se- 
ra alors sensibilise par un composant anticorps (aniiX) 
specifique de iadite substance immunologique, et le se- 
cond reactif immunologique sera sensibilisd- par un 
ccmoosan! anticorps monoclonal specifique de Iadite 
substance immunologique, different de I'anticorps mo- 
nocicna) (anliX) du premier reactif immunologique. 
[0040] En pratique, selon une seconde solution tech- 
nique, la substance immunologique (X) k doser sera un 
anticorps (notamment HBsAb,' HBcAb (ig toiale/IgM), 
un anticorps IgG/IgM de TV, un anticorps IgG/IgM de 
GMV, un anticorps IgG/IgM de CMV. un anticorps IgG/ 
IgM de HSV. un anticorps IgG de HCV. un anticorps IgG 
de HIV, etc..) et 

(i) le premier matdriau immunologique sera alors 
sensibilisd par un composant anticorps (antiX, i.e. 
un anti(anticorps)] de Iadite substance immunologr- 
que X et le second reactif immunologique sera sen- 
sibiiisd par un composant antig^ne specifique de Ia- 
dite substance immunologique X, ou 
(it) ie premier rdactif immunologique et le second 
reactif immunologique seront sensibilises chacun 
par un antig6ne different et specifique de iadite 
substance immunologique. 

[0041] Dans la reaction immunologique d'agglutina- 
tion selon le proc^d^ de invention ies particules de la* 
tex magn^tiques interviennent en tant que 'support' et 
Ies particules non-magn^tiques en tant que 'marqueur*. 
Apr^s incubation ou reaction (seion le stada (2*) ci-des- 
sus), sous Taction d*un champ magndtique. notamment 
cr6d par un aimant, toutes Ies particules de latex ma- 
gndtiques (celles qui ont r6agi et celles qui n'ont pas 
rdagi) sont rassembl^es et entratnent done Ies produits 
rdactionnels resultant de Tagglutlnation, d'une part, tan* 
dis que Ies partrcuies non-magndtlques libreSt c'e8t«d- 
dlre non agglutin^es avac iesdites particutee de latex 
magndtlques soft directement (quand le second compo- 
sant immunologique est ia substance immunologique X) 
soit par I'lnterm^diaire de ia substance antig^nique k 
doser (quand le second composant immunologique est 
un anticorps antiX de fa substarKe immunologique X k 
tester), restent en suspension et permettent une Eva- 
luation soit k roeil nu soit au nrxjyen d'un photom^tre. 
d'autre part 

[0042] L'dvatuatlon de r^tape (4"*) est effectude par la 
mesure de la variation de density optique (OO), Iadite 
variation dtant (i) proportionneile k ia concentration en 
particules non-magn^tlquds non aff ectdes par ie champ 
magnetique dans iadite portion (P) et (ni) inversement 
proportionneile k la concentration en substance X k tes- 
ter. 

[0043] En pratique, cette Evaluation est effectuEe par 
une variation de OD notamment par la determination de 
I'absorbance ou de la diffusion de ta lumldre, soit encore 
par fluorescence, phosphorescence, luminescence ou 



chemiluminescence. 

[0044] AinsI, quand la substance X a tester est un an- 
tigens ou un anticorps et Ies premier et second compo- 
sants immunologiques sont des anticorps monoclonaux 
s (voire mdme polyclonaux) specifiques de Iadite subs- 
tance X utilises seion des quantites connues (ledit se- 
cond composant immunologique etant stoechiometri- 
quement en exc6s par rapport k Iadite substance X). on 
realise un dosage en retour de fa9on directe car aprEs 

^0 separation au moyen du champ magnetique la variation- 
de OD est (i) proportionneile k la quantite de particules 
non-magnEtiques sensibilisEes par le second compo- 
sant immunologique restanl en suspension et (ii) inver- 
sement proportionneile k (ou une fonction decroissante 

'5 de) la concentration en substance X k tester 

• [0046] £n revanche si la substance X k tester est un 
antigEne, le premier conrrposant immunologique est un 
anticorps nrtonocional (antiX) spEcifique de Iadite subs- 
tance X (utilisd selon une quantity connue) et ie second 

20 composant immunologique est la substance X (utilisEe 
selon une quantity connue et marquEe) ou un anticorps 
monoclonal [anti(antiX)l dirigd centre antiX (utilise selon 
une quantite connue et marque), on realise alors aprks 
separation au moyen du champ magnetique un dosage 

2S en direct (qui est un dosage Inverse du dosage dit en 
retour) de i'antigene X k doser. 
[0046] Le marquage du reactif immunotogique cons- 
titue par des particules sensibilisees par le second com- 
posant immunotogique conceme ici soit ledit second 

30 composant (marquage notamment par couptage avec 
un moyen fluorescent), soit Iesdites particules (marqua- 
ge resultant notamment de rutillsation de particules co- 
iorees ou fluorescentes). 

[0047] De plus, comme indique ci-dessus rutilisation 
3S de particules cotorees ou fluorescentes pour Ies parti- 
cules sensibilisees par ie second composant immuno- 
logique. notamment dee microbilies de iatex colorees. 
fluorescentes. phosphorescentes. luminescentes ou 
chemifuminescentes ameiiore la sensibiiite du dosage 
40 selon le precede de rinvention. 

[0048] Comme Ies mifleux biologlques iiquides conte- 
nant la substance immunologique k tester peuvent con- 
tsnir le RF, notamrnent dans le cadre d'un dosage sur 
plasma d'un produit intervenant dans ies mecanismes 
4S de rhemostase. il est parf ois utiie et avantageux de rem- 
placer i'anticorps des premier et second composants 
immunologiques par i'un des fragments (depoun^u de la 
branche c sensible audit RF) teis que F(ab) ou mieux F 
(abV 

so [0049] La figure 1 iltustre schematiquement Ies me- 
canismee de mise en oeuvre cTun dosage en retour de 
fa^on directe. Seion la portion la, on met en contact et 
iaisse reagir (pendant une duree inferieure ou egale k 
1 h, de preference pendant une durEe inferieure ou ega- 

ss ia k 0, 75 h, et mieux pendant une duree de 5 ^ X 
minutes ; on arrive dans la majorite des cas k une duree 
de dosage de 10-15 minutes voire inferieure d 10 minu- 
tes) dans un reacteur (ici une cuvette ou microcuvette) 
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une substance immunolbglque 11, ci doser qui est un 
antigene, des particuies do latex paramagnetiques 1 2 
sensibilisees par un premier anticorps monoclonal 13 
dirig6 specifiquement contre ladite substance immuno- 
logique. et des particuies de latex non-magnetiques U 
(de preference colorees ou fluorescentes} sensibilisees 
par un. second anticorps monoclonal 15 dirige specifi- 
quement contre ladite substance immunoiogique. 
(0050J Apres incubation (i.e. reaction) d une tempe- 
rature appropri^e (notamment comprise entre RT el 
60**C, et mieux d RT) on applique, selon la portion 1b, 
un champ magneiique en approchant un aimant 20 au 
voisinage du fond du recipient reactionnel 10. Les pro- 
duits reactionnels resultant de Tagglutination 

11 +<1 2-1 3)+(1 4-1 5)->{1 2-1 3)-1 1 -(14-15) 

et le cas 6ch6ant le r^acttf immunoiogique (12-13) qui 
n'aurait pas rdagi sont attlrds par I'aimant 20. tandis que 
I'exc6s du reactif (14-15) qui n'a pas r6agi reste en sus- 
pension. En d'autres termes. sous ractlon du champ 
magn^tique. les particuies de latex magndtiques entrat- 
nent et rassemblant les produits reactionnels qui rdsul* 
tent de Tagglutination, alors que les particuies non-ma- 
gnetiques en excds et non inctuses dans lesdits produits 
reactionnels permettent une mesure de OD par I'lnter- 
mediaire d'une portion (P) Iransparente 21 prdvue sur 
la parol laterals du recipient reactionnel 10, puis d'en 
ddducre la concentration da ladite substance immunoio- 
gique contenue dans rechantilfon k doser. Cette con- 
centration peut dtre ddterminee k partir d'une courbe 
d'etalonnaga ou encore, le cas echdant. k partir d'un ou 
deux essais de contrdle. Pendant la mesure de OO, on 
maintient le champ niagnetlque. 
[0051] D'une manidre gdnerale, une duree d'incuba- 
tion de 5 minutes k 30 mintJtes est suffisante pour per- 
mettre une evaluation tree precise : on arrive k un seuil 
de sensibillte de I'ordre de 1-10 ng/ml, notamment pour 
la dosage de la Proteine C, identique ou analogue au 
seuil inferieur (1 ng/ml) des techniques EIA et RIA ac- 
tuellement utilisees. Dans le dosage du PAt-1. avec des 
latex fluorescents, on obtient egalement une sensibilite 
identique voire mdme interieure au seuil desdites tech- 
niques EIA et RIA. 

[0052] De fa^on similalra, le dosage 'en retour' de la 
figure 1 . peut dtre modrfie en dosage 'direct' en rempia* 
9ant ranticorps morKXIonal 1 5 fixe sur des particuies 
14, par la substance immunoiogique utilises selon une 
quantite connue et fixee sur des particuies 14 appro- 
priees. On a alors un dosage dans lequei les antlgenes 
11 (la substance tester) et 15 (ainsi modifie) reagis- 
sent en competition avec ranticorps 13 fixe sur les par- 
ticuies de latex paramagnetiques 12. 
[0053] L'tnterdt du precede selon I'Invention reside 
essentieilament dans la rapidite et la simpllclte de sa 
mise en oeuvre au sein d'un mdme milieu liquids dans 
le mdme recipient reactbnnel. SI la quantite d'un des 



premier et second composants Immunologiques est in- 
suffisante, il est possible de rajouterce produit dans ie 
meme recipient reactionnel et de proceder apres reac- 
tion k une nouvelle Evaluation de OD. Ainsi. la solution 

5 technique preconises selon I'invention permet de reaii- 
ser un dosage en retour 'en un temps' {meme microcu- 
vette. memes reactifs. meme milieu reactionnel. sans 
Nitrations ni lavages intermediaires). 
[0054] Comma le reactif immunoiogique constitue par 

10 des particuies de latex magnetiques sensibilisees par 
le premier composant immunoiogique et le reactif im- 
munoiogique constitue par des particuies non-magneti- 
ques sensibilisees par le second composant immunoio- 
gique sont chacun fournis en suspension dans un tam- 

'5 pon blologique, on peut eviter de preparer specialement 
un milieu tampon particuller pour la reaction immunoio- 
gique d'agglutination selon le procede de Tinvention. II 
suffit d'introduire rechaniillon contenant la substance 
immunoiogique k doser dans le milieu du premier reactif 

20 Immunoiogique ou du second reactif immunoiogique 
avec lequei elie ne reagit pas, ou dans le melange des 
milieux des deux si eile reagit avec chacun d'eux. 
P)055] D'autres av< ntages et caracteristiques de I'in- 
vention seront mieux compris k la lecture qui va suivre 

25 d'exemples de realisation nullement limltatifs mais don- 
nes k titre d'illustration. 

Exempt 7Dosaqe du DDi 

30 [0056] On met en contact au sein d'un tampon liquide 
dispose dans une microcuvette un echantillon de DDI, 
des particuies de latex paramagnetiques ayant un dia- 
metre d'environ 650 nm et sensibilisees par un anticorps 
monoclonal antl(DDi> (9C3) et des particuies de latex 

35 non-magnetiques ayant un diametre d'environ 300 nm 
et sensibilisees par un second anticorps monoclonal an- 
ti-DDi) (2F7) different du premier anticorps monoclonal, 
ie tampon liquide pouvant etre ici le melange des milieux 
de chaque anticorps. 

40 [0057] On laisse reagir (i.e. incuber) pendant 0,25 h 
a RT. On cree un champ magnetlque au moyen d'un 
aimant applique au niveau du fond exterieur de la mi- 
crocuvette. puis maintient ce champ magnetlque pen- 
dant la mesure de OD. Cette mesure est effectuee no- 

^ tamment par turtsidimetrie k travers une portion trans- 
parente (P) de la parol lateraie de la microcuvette dis- 
poses en regard du surnageant. 
[0058] Avec des echantiilons renfermant des quantl- 
tes croissantes de DDi. on a etabil la courbe d'etaion- 

so nage de la figure 2 selon le diagramme OD en fonction 
de la concentration en DDi ; la concentration en DOi fi- 
gure en abscisses (en ^g/ml) et la OD mesuree k 450 
nl est donnee en ordonnees. 
[0059] La courbe de la figure 2 est une courbe expo- 

ss nenttelle du type 
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Y = a + be 



■x/c 



(1) 



dans laquelle. rexperimentation montre que Ton a pour 
le dosage du OOi : 5 



a = 0.20557265 
b = 0 97343085 
c = 0.60269355 



a = 0.25361282 
b = 0,98641938 
c = 0,49755979 



2S 



[0062] La corrdlatjon des rdsultats des mesures selon 
le proc^dd de dosage en retour de I'invention et le do- 
sage en retour selon la technique EIA precitde est une ^ 
droite comme reprdeentde dans la figure 4. Le coeffi- 
cient de correlation (fi) est supdrieure h 0,9. 



Exempli 2 Dosage du PAI-1 



3S 



[0063] On procdde selon le protocole opdratoire dd- 
crit k I'exempie 1 et lllustrd par la figure 1 , au dosage en 
retour du PAI-1 contenu dans un dchantillon au moyen 
d*un rdactif immunologique constitud par des partlcules 
de latex paramagndtiques (diamdtre : 600 nm) sensibi- ^ 
\\s6e9 par un premier antlcorps monoclonal anti(PAI-l) 
(7F5) et d'un r^actif Immunologique constitud par des 
particules de latex non-magndtiques (diamdtra : 250 
nm) sensibilisdes par un second anticorps monoclonal 
antl(PAI-1)(7D4). ^ 
[0064] La courbe d'6talonnage du PAI-1 peut dtre re- 
prdsentde par une courbe exponentielle selon I'dqua- 
tion (1 ). ou une courbe hyperbotique sensiblsment 6qui* 
vaiente k ladite courbe exponentlaUe. 

$0 

Exampim 3 bosaoe de la Protdin'a C 

[0065] On procWe selon le protocole op6ratoire dd- 
crit k Texemple 1 et illustrd par ia figure 1 . au dosage en 
retourdefa^directedelaProtdineC. enutillsantdeux 
anticorps monoclonaux spdcifiques de la Protdlne C, les 
particules de latex non-magndtiques Manx fluorescen- 



tes. 

[0066] La courbe d'^taionnage correspondanie selon 
le syst6me fluorescence = fonction de la concentration 
en Proteine C est donnee a la figure 5 ou X est fa con- 
ceniration en Proteine C (exprim^e en % p/v) en abs- 
cisses, et Y est la fluorescence en ordonndes. Le seuil 
de sensibilite est de I'ordre de 10 ng/ml. 
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[0060] Avec ta courbe d'dtaionnage de la figure 2, Ton 
peut determiner ta teneur en OOi d'un dchantillon k tes- 
ter. 

[0061 ] Pour comparaison, on a proc^de k I'^tablisse- 
ment de la courbe d'etalonnage de DDi par une techni- 
que £iA selon ies reactifs et le protocole opdratoire de 
la trousse "ASSEIRACHROMft 0-OIMERE' (commer- 
cialisde par la society drte 01 AGNOSTIC A STAGO). La 
courbe obtenue est donnde dans ia figure 3 selon le md- 
me systSme de coordonn^es que la courbe de la figure 
2. La courbe de la figure 3 est une courbe exponentielle 
selon requation (1) cl-dessus, avec 



Exempli 4 Dosaoe du DDI 

[0067] On proc6de comme indique k I'exempie i ci- 
dessus. avec (a difference que I'on effectue le dosage 
direct du DDI en utillsant des particules de latex para- 
magnetiques sensibilisees avec un anticorps anti{Ddi): 
h savoir ici I'anticorps 9C3, et des particules de latex 
fluorescent non-magndtiquias sensibilisees avec DDI. 
[0068] La courbe d'etalonnage correspondanie selon 
le systems fluorescence = fonction de la concentration 
en DDi libre est donnee k ia figure 6 ou X est la concen- 
tration en DDi libre {exphm6e en ^ig/ml) en abscisses et 
Y est la fluorescence en ordonnees. 

Exemph S Dosaoe duPAM 

[0069] On precede comme indique k i'exempie 2 ci- 
dessus, avec ia difference que I'on effectue le dosage 
en retour du. PAI-1 en utilisant des particules de latex 
paramagnetiques sensibilisees avec un anticorps ami 
(PAI-1 ), k savoir ici I'anticorps 7D4. et des particules de 
latex fluorescent non-magnettques senstbilisees avec 
un second anticorps anti(PAI-l). d savoir ici I'anticorps 
7F5. 

[0070] La courbe d'etalonnage correspondante selon 
le systeme fluorescence = fonction de la concentration 
en PAI-1 est donn6e k la figure 7 oij X est la concentra- 
tion en PAI-1 (exprimee en ng/ml) en abscisses et Y est 
la fluorescence en ordonnees. 
(0071] La sensibilite de ce dosage du PAI-1 est de I'or- 
dre de 1 ng/ml. 

ExwnplB Dosage deHBsAo 

[0O72] On procdde selon le protocole operatotre de- 
crit k I'exempie 1 et tllustre par la figure 1. au dosage en 
retour de HBsAg, en utilisant deux anticorps monoclo- 
naux (ou k ia rigueur polyclonaux) specifiques de HB- 
sAg. 

Exempli Z DosaoedeHBsAb 

[0073] On met en contact au sein d'un tampon liquide 
dispose dans une microcuvette un echantilion de HB* 
sAb. des particules de latex paramagnetiques ayant un 
diametre d'environ 650 nm et sensibilisees par un pre- 
mier antigene HBsAg et des particules de latex non-ma- 
gnetiques ayant un diametre d'environ 300 nm et sen- 
sibilisees par un second antigens HBsAg different du 
premier antigdna. le tampon liquide pouvant dtre ici le 
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mdlange des milfeux de'chaque antig^ne. 
[0074] On laisse reagir (i.e. incubor) pendant 0.25 h 
a RT On cr6e un champ magndtique au moyen d'un 
aimant applique au niveau du fond exteneur de la mi- 
crocuvette. puis maintient ce champ magnetique pen- 
dant la mesure de OD. Cette mesure est effectuee no- 
'.amment par turbidlmetrie k iravers une portion Irans- 
parente de la paroi laterale de la microcuvette disposde 
en regard du surnageant. 

[0075] La courbe d'dtalonnage corresporidante obte- 
nue par turbidim^trre selon le syst^me GO = fonction de 
la concentration en IHBsAb est donnee d la figure d ou 

y est la concentration en HBsAb (exprim^e en ng/ml) 
en abscisses, et X est la 00 en ordonnees. 
[0076] En ce qui concerne le n^cessaire de dosage 
ou d'identification, on pr^conise ce qui suit : 

1 quand iadite substance immunoiogique (X) est 
une substance antig^nique, le premier r^actif im- 
munoiogique est sensibilis6 par un anticorps mono- 
clonal specrftque de X et le second rdactrf immuno- 
iogique est sensibilise par un anticorps monocionai 
spteifiqus de X. different du pr^cddent et ftxd sur 
des particules de latex non-magndtiques ; 
2") quand X est un anticorps. le premier rdactif Im- 
munoiogique est sensibiiisd par un antigdne sp^ci- 
fique de X et le second r^actif immunoiogique est 
sensibilisd par un antig^ne spdcifique de X, diffe- 
rent du prdcddent et fix^ sur des particules de latex 
non-magndtiques ; 

3") quand X est un antigdne. le premier rdactif im- 
munoiogique est senbllis6 par un anticorps mono- 
clonal sp^ifique de X et le second rdactif immuno- 
iogique est sensibilisd par un anticorps monoclonal 
spdcifique de X, different du prdcddent et fixd sur 
des particules colloldalas d'or ou d'argent non- 
magndtiques ; et, 

4") quand X est un anticorps. le premier rtotif im- 
munoiogique est senbillsd par un antigdne spdciff- 
que de X et le second rdactif immunoiogique est 
sensibilisd par un antig^ne spdcifique de )C diffe- 
rent du precedent et fixe sur des particules coliol- 
dales d'or ou d'argent non-magnetiques. 

£«u/e eompBnt!f9 

[0077] On a determine pour comparaison le seuti de 
sensibiiite du dosage de HBsAb selon fexemple 7 de 
i'invention avec la technique decrite dans US-A-4 115 
535 precite mettant en oeuvre des particules de latex 
non-magnetiques sensibiiiseee par le premier antigdne 
HBsAg et des particules de iatex magnetiques et cofo- 
rees sensibilisees par ledit premier antlgene HBsAg. 
d'une part, et la technique decrrte dans EP-A-0 410893 
precite mettant en oeuvre des particules de latex non- 
magnetiques sensibilisees par le premier antigdne HB- 
sAg et des particules de latex magnetiques et colorees 
sensibilisees par la proteine A. 



[0078] Lea rdsultats obtenus ont ete consignes dans 
le tableau i ci-aprds. lis montrent que ia technique seion 
invention est bien plus sensible que celle des deux 
techniques anterieures. 
5 ' 



TABLEAU 1 



Seu// cfe SQnathUltS on HBsAb 


TECHNIQUE 


SEUIL OE SENSIBILITE 


Ex. 7 seion I'invention 


0,04 ^g/ml 


US-A-4 115 535 


0.60 |ig/nril 


EP-A-0 410 893 


0.50 jig/ml 



IS 

Revendicatione 

1 . Precede de dosage en retour de f a9on directe d'une 
substance immunoiogique (X) cholsie parmi Ten- 
20 semble constitue par les antigenes et les anticorps 
et susceptible d'dtre presente dans un echantilion 
^ tester, ledit precede, qui met en oeuvre (t) des par- 
ticules de iatex magnetiques, (ii) des particules non- 
magnetiques et (lit) une reaction immunoiogique 

2S 

X + antiX->X-(antiX), 

etant caracterise en ce qu'il comprend les etapes 
30 consistant k 

(1 ') mettre en contact dans un milieu iiquide le- 
dit echantilion k tester et pouvant contenir iadi- 
te substance immunoiogique avec des quanti- 
35 tes bblogiquement connues 

(A) d'un premier reactif immunoiogique en 
suspension dans un tampon et constitue 
par des particules de latex magnetiques 

40 sensibilisees par un premier composant 

qui est un anticorps (antiX) de iadite subs- 
tance immunoiogique, et 

(B) d^jn second reactif immunoiogique en 
suspension dans un tampon et constitue 

45 par des particules non-magnetiques sensi- 

bilisees par un second composant qui est 
un anticorps de iadite substance immuno- 
logiquOt ledit second composant etant (i) 
stoechiometriquement en exces par rap- 
so port k Iadite substance immunoiogique X k 
tester et (ni) different dudit premier compo- 
sant (antiX) ; 

(2*) incuber le milieu reactionnel resultant pen- 
55 daht une duree interieure ou egaie k 1 h pour 

mettre en oeuvre ta ou les reactions immuno- 
logiquea 
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X + antiX X-(antiX) : 

{y) appOquer un champ magndtique pour sd- 
parer. dans !e milieu rdactionne) resultant, las s 
produits magnetiques deplac6s par ledit champ 
magnetique des produits non-magnetiques 
non aff ectSs par ledit champ ma^n^tiqua : puis. 
(4*^) evatuer ladita substance immunologique 
(X), pouvant dtre prdsente dans r^chantillon d io 
tester, par {'observation de la portion (P) du mi- 
lieu reactionnel resultant ne contenant que des 
produits non-magn6tlquesen suspension dans 
ladite portion (P) et non affectSs par la reaction 
immunotogjque et ledit champ magnetique. is 

Procddd de dosage en retour de f a^ directe d'une 

substance immunologique (X) choisie parmi Ten- 
semble constitud par les antlcorps et susceptible 
d'dtre pr^sente dans un dchantillon k tester, ledit 20 
procddd, qui met en oeuvre (I) des particutes de la- 
tex magndtlques. (li) des particules non-magndti- 
ques et (iit) una reaction Immunologiqua 

25 

Antigdne -i- anticorps antig6na • anticorps 

etant caractdris^ en ca qu'ii comprend les Stapes 
conststant ^ 

so 

( r) mettre en contact dans un miiieu liquida le* 
dit echahtlllon k tester et pouvant contenir ladi- 
te substance immunologique avec des quantl- 
tds bioiogiquement connues 

3S 

(A) d'un premier rtectif inrvnunologique en 
suspension dans un tampon et constitud 
par des particules de. latex nrtagn^tiques 
sensibiilsdes par un premier composant 

qui est un antigdne sp^ifique de ladite 4o 
substance Immunobgique, et 

(B) d'un second rdactif immunologique en 
suspension dans un tampon et constitud 
par des particules non-magn^tlques sensi- 
billsdes par un second composant qui est ^ 
un antlg^ne de ladite substance immuno- 
logique, ledit secofKj composant dtant (i) 
stoechiomdtriquement en excds par rap- 
port k tadite substance immunologique X k 
tester et (ii) diffdrent dudit premier compo- so 
sant antlgdna ; 

(2°) incuber le miiieu rdactionnei rdsultant pen- 
dant une durde infdrieure ou dgale k 1 h pour 
mettre en oeuvre la ou les reactions immuno- ss 
logiques antigdne + anticorps -» antigdne -. 
anticorps ; 

(3") appliquer un champ magndtique pour s^ 



parer. dans le milieu r6actionnel resultant, les 
produits magnetiques ddplaces par ledit champ 
magnetique des produits non-magndtiques 
non affectis par ledit champ magnetique . purs. 
(4') evaluer ladite substance immunologique 
(X), pouvant 6tre prdsente dans rechantillon k 
tester, par I'obsen/ation de la portion (P) du mi- 
lieu reactionnel resultant ne contenant que des 
produits non-magnetiques en suspension dans 
ladite portion (P) et non atf ectes par la reaction 
immunologique et ledit champ magnetique. 

3. Precede de dosage d'une substance immunologi- 
que (X) choisie parmi I'ensemble constitue par les 
antigdnes et les anticorps et susceptible d'etre pre- 
sente dans un echantillon k tester, ledit precede, qui 
met en oeuvre (i) des particules de latex magneti- 
ques, (ii) des particules non-magnetiques et (ill) une 
reaction immunotogique 

X + antlX-^X-(antiX), 

etant caracterise en ce qu'il comprend les etapes 
consistant k 

{V) mettre en contact dans un miiieu liquide le- 
dit echantillon k tester et pouvant contenir ladi- 
te substarrae immunologique avec des quanti- 
tes bioiogiquement connues 

(A) tfun premier reactil Immunologique en 
suspension dans un tampon et constitue 
par des particules de latex magnetiques 
sensibilisees par un premier composant 
qui est un anticorps (antiX) de ladite subs- 
tance immunologique. et 

(B) d'un second reactif immunologique en 
suspension dans un tampon et constitue 
par des particules hon-magnetiques sensi- 
bilisees par un second composant qui est 
ladite substance immunologique ; 

{2*) incuber le milieu reactionnel resultant pen- 
dant une duree inferieure ou egate k 1 h pour 
mettre en oeuvre la ou les reactions immuno- 
logiques 

X + antiX->X-(antiX); 

(3*) appliquer un champ magnetique pour se- 
parer, dans le milieu reactionnel resultant, les 
produits magnetiques deplaces par ledit champ 
magnetique des produits non-magnet iques 
non affectes par iedit champ magnetique ; puis. 
(4*) evaluer ladite substance immunologique 
(X), pouvant dtre presente dans I'echantillon k 
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tester, par Tobservation de la portion (P) du mi- 
lieu r^actionnel resultant ne contenant que des 

produits non-magn^tiques en suspension dans 
ladite portion (P) et non affectes par la reaction 
tmmunologique et ledit champ magnetique. 

4. Proc6d6 suivant Tune quelconque des revendica- 
tions 1 2 ou 3. caract^nse en ce que la durde d'in- 
cubation du stade {2'). au cours de laquelle se de- 
veioppe I'ensemble des reactions immunologiques. 
est inferieure ou egale k 45 minutes, et mieux com- 
prise entre 5 et 30 minutes. 

5. Proc^dd suivant Tune quelconque des revendica* 

tions 1. 2 ou 3, caract6ris6 en ce que fes particules 
non-magndtiques sont des particules colloidales 
d*or ou d'argent. 

6. Procidd suivant I'une quelconque des revendlca- 
tions 1 , 2 ou 3, caractdrisd en ce que les particules 

. noh-magndtiques sent dee particules de bentonite 
ou de charbon actif. 

7. Proc6d6 suivant la revendication 1, caractdris^ en 
ce que (a) la substance immunologlque k tester est 
un antigdne. et (b) le premier rtoctif immunologique 
et le second rdactit immunologique comportent 
chacun un anticorps sp^cifique de ladite substance 
immunologique. 

8. Proc6dd suivant la revendication 3, caract6ris6 en 
ce que la substance immunologique X k tester est 
un anticorps. le premier rdactif Immunologiqiie 
comporte un anticorps antiX sp^ifique de ladite 
substance immunologique X, ledit anticorps antiX 
6tant un anti(anticorps). et le second r^actif immu- 
nologique comporte un anticorps qui est ladite 
substance immunologique marqude. 

9. Procddd suivant la revendication 1, caractdrisd en 
ce que (aj la substance immunologique X k tester 
est un anticorps, et (b) Is premier rdactif immunolo- 
gique et le second rdactif immunologique compor- 
tent chacun un anticorps antiX spteifique de ladite 
substance immunologique X. chaque anticorps an- 
tiX dtant un anti(anticorpa) 

10. Procddd suivant la revendication 1 ou 2. caractdris4 
en ce que revaluation de l'6tape (4*) est effectude 
par la mesure de la variation de density optique 
(GO), ladite variatioh dtant (i) proportionnelle k la 
concentration en particules non-magndtiques non 
aff ectdes par le champ magnetique dans ladite por- 
tion (P) et (ni) Inversement proportionnelle k la con- 
centration en substance X k tester 

11. Proc6d6 suivant Tune quelconque des revendtca- 
tions 1 -3. caractdrise en ce que le composant du 
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2S 



30 



35 



40 



45 



SO 



55 



second rdactif immunologique est flx6 sur des par- 
ticules de latex non-magnetiques. 

12. Procede suivant la revendication i ou 10. caracte- 
rise en ce que revaluation de I'dtape (4"") est effec- 
tu6e, en presence du champ magnetique. par la de- 
termination de ia densite optique par transmission, 
diffusion, fluorescence, phosphorescence, lumi- 
nescence ou chemiluminescence, 

13. Necessaire da dosage ou de determination, seion 
le procede de la revendication 1 . 2 ou 3, d'une subs- 
tance immunologique (X) pouvant etre contenue 
dans un echantillon k tester. ledit n^essaire etant 
caractdrisd en ce qu'ii comprend 

• pour la mise en oeuvre du proc^dd selon la 
revendication 1 : 

un r^actif Immunologique constitud par des 
particules de latex magndtiques sensibili- 
sees par un premier anticorps (antlX) de la 
substance X et ; 

un r^actif immunologique constitud par des 
particules non-magnetiques sensiblllsees 
par un second anticorps de la substance X 
different dudit premier anticorps antiX ; 

- pour la mise en oeuvre du procede selon Ja 
revendication 2. ou X est un anticorps : 

un reactif immunologique constitue par des 
particules de latex magnetlques sensiblll- 
sees par un premier antigene specifique de 
Tanticorps X, et 

un reactif immunologique constitue par des 
particules non-magnetiques sensibilisees 
par un second antlgene specifique de I'an- 
ticorps X et different dudit premier 
antigdne ; et 

pour la mise en oeuvre du precede selon la re- 
vendication 3 : 

un reactif immunologique constitue par des 
particules de latex magnetlques sensibili- 
sees par un premier composant qui est un 
anticorps (antiX) de la substance X, et ; 
un reactif immunologique constitue pardes 
particules non-magnetiques sensibilisees 
par un second composant qui est ladite 
substance X. 

14. Necessaire de dosage suivant la revendication 13 
pour mettre en oeuvre le precede selon la revendi- 
cation 1 , caracterise en ce que, quand ladite subs- 
tance immunologique X est un antigdne. le premier 
reactif immunologiqus est sensibilise par un anti- 
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ccrp^ monoclonal spdclfiquede la substance immu- gnetischen Teilchen und (III) einer immunologj- 

notogiquQ X ^ doser et le second reactif immunolo- schen Reaktion 

gique est sensibllis6 par un anticorps monoclonal 
specifiqua de ladlte substance immunologique X ^ 

doser. different du precedent et flx6 sur des parti- 5 ^ + A"^'^ X-{AntiX) 

cuies de latex non-magnetiques. 



15. Necessaire de dosage suivant la revendication 13 
pour meitre en oeuvre le proced6 seion la revendi- 
catron 2. caracterisd en ce que. quand tadrte subs- 
tance immunologique X est un anticorps. le premier 
rdactif immunologique est sensibilisd par un antigd- 
ne specifrque de la substance immunologique X k 
doser el le second r6actif immunologique est sen- 
sibilise par un antig^ne specifique de ladite subs- 
tance immunologique X k doser, different du pr^d* 
dent et fixd sur des particuies de latex non-magnd- 
tiquea 

16. Necessaire de dosage suivant la revendication 13 
pour mettrs en oeuvre le proc^6 selon ia revendi- 
cation 1 . caractdrisd en cs que, quand ladite subs- 
tance inrimunologique X est un antigdne. le premier 
rdactif immunoiogjque est senstbilise par un anti- 
corps monoclonal specifique de la substance immu- 
nologique X k doser et le second rdactif immunolo- 
gique est sensibills^ par un anticorps monoclonal 
specifique de ladite substance immunologique X k 
doser. different du precedent et fixd sur des parti- 
cuies collotdales d'or ou d'argent non-magndtiques. 

17. Ndcessaire de dosage suivant la revendication 13 
pour mettre en oeuvre le procddd seion la revendi- 
cation 2, caractdrise en ce que, quand ladite subs- 
tance immunologique X est un anticorps, ie premier 
rdactif immunologique est sensibilisd par un antige- 
ns specifique de la substance immunologique X k 
doser et le second rdactif immunoiogjque est sen- 
stbilise par un antigdne specifique de ladite subs- 
tance immunologique X k doser, different du prece- 
dent et fixe sur des particuies colloTdales d'or ou 
d'argent non-magnetiques. 

18. Necessaire de dosage suivant la revendication 14 
ou 1 5, caracteriee en ce que les particuies de latex ^ 
non-magnetiques sont color6es, fluorescentes. 
phosphorescentes. luminescentes ou chemilumi- 
nescentes. 



Patentanspruch« 

1. Verfahren zur direkten Gegendosierung einer Im- 
munotogischen Substanz (X). die aus der Qruppe 
ausgewahit 1st. welche aus den Antigenen und den s$ 
Antikdrpem besteht. und geeignet ist. um in einer 
Testprobe vorzuliegen, wobei das Verfahren. das 
von (i) magnetischen Latexteiichen. (ii) nicht-nna- 



Gebrauch macht. dadurch gekennzeichnet ist. daO 
es die Schritte umfaBt. bestehend aus: 



auszufuhren; 

(3.) Aniegen eines Magnetfeldes. um in der re- 
suttierenden Reaktionsumgebung die durch 
das Magnetfeld verlagerten magnetischen Pro- 
dukte von den nicht-magnetischen Produkten. 
auf die durch das Magnetfekj nicht eingewirkt 
wird. zu trennen; und dann 
(4.) Auswerten der immunologischen Substanz 
(X), die in der Testprobe vorliegen kann. durch 
die.Beobachtung des Teils (P) der resultieren- 
den Reaktionsumgebung, der nur nicht-ma- 
gnettsche Produkte enthaft. die in dem Tell (?) 
In Suspension vorliegen und nicht von der im- 
munologischen Reaktion und dem Magnetfeld 
betroffen sind. 

2. Verfahren zur direkten Gegendosierung einer im- 
munoiogtschen Substanz (X), die aus der Gruppe 



(1) in Kontakt bringen der Testprobe, die die 
immunologischs Substanz enlhalten kann. in 
einer flOssigen Umgebung mit biotogisch oe- 
kannten Mengen 

(A) eines ersten immunologischen Rea- 
gens in Suspension in einem Tampon, das 
aus magnetischen Latexteiichen besteht. 
die durch einen ersten Bestandteil, der ein 
Antikorper (AntiX) der immunologischen 
Substanz ist, sensibilisiert sind. und 

(B) eines zweiten immunologischen Rea- 
gens in Suspension in einem Tampon, das 
aus ni-^ht-magnetischen Teitehen besteht. 
die durch etnen zweiten Bestandteil, der 
ein Antikorper der immunologischen Sub- 
stanz ist. sensibilisiert sind, wobei der 
zweite Bestandteil (1) im Verhaltnis zur zu 
testenden immunologischen Substanz X 

. stochiometrischimOberschuBvorKisgtund 
30 (ii) vom ersten Bestandteil (AntiX) ver- 

schieden ist: 

(2.) Inkubieren der resultierenden Reaktions- 
umgebung wahrend einer Zeitdauer unterhalb 
35 Oder gleich 1 h, um die immunologische(n) Re- 

aktron(en) 



X + AntiX -►X.(AntiX) 



40 
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ausgewahlt ist. wefche aus dan Antikorpern be- 
steht. und geeignet ist, um in einer Testprobe vor- 
zuliegen. wobet das Verfahren, das von (i) magna- 
tischan Latextailchan, (it) nicht-magnetischen Tail- 
Chen und (iil) einer immunologischen Reaktion s 

Antigen + Antikorper Antigen - Antikorper 

Gebrauch nnacht, dadurch gekennzeichnet ist, dad fo 
as die Schrltte umfal3t, bestehend aus: 

(1.) in Kontakl bringen der Testprobe, die die 
immunologische Substanz enthalten kana in 
einer flussigen Umgebung mit bk)fogisch be- is 
kannten Mengen 

(A) eines ersten immunologischen Rea- 
gens in Suspension in einem Tampon, das 
aus nnagnetischen L^texteilchen besteht. 20 
die durch einen ersten Bestandteil. der ein 
spezifisches Antigen der immunologi- 
schen Substanz ist, senstbilisiert sind, und 

(B) eines zweiten rmmunobgischen Rea> 
gens in Suspension in einem Tampon, das 2S 
aus nicht-magnetischen Teilchen besteht. 

die durch einen zweiten Bestandteil, der 
ein Antigen der immunologischen Sub- 
stanz ist, sensibiiisiert sind, wobei der 
zweite Bestandteil (i) im Varhllltnis zur zu so 
testenden immunologischen Substanz X 
stochiometrisch im OberschuO vorllegt und 
(ii) vom ersten Antigen-Bestan<Aeil ver- 
schieden ist; 

3S 

(2.) inkubieren der resuttierenden Reaktions- 
umgebung wahrend einer Zeitdauer unterhaib 
Oder gleich 1 h, um die immunobgische(n) Re- 
aktlon(en) 

40 

Antigen -h Antikorper Antigen - Antikorper 
auszufOhren; 

(3.) Aniegen eines Magnetfeldes, um In der re- 45 
sultierenden Reaktlonsumgebung die durch 
das Magnetf eld vertagerten magnetischen Pro- 
dukte von den nk:ht-magnetischen Produkten, 
auf die durch das Magnetfeld nk:ht eingewirM 
wird, zu trennen; und dann so 
(4.) Auswarten der iavnunok)gischen Substanz 
(X), die in der Testprobe vorliegen kann. durch 
die Beobachtung des Tells (P) der resuttieren- 
den Reaktlonsumgebung, der nur nicht-ma- 
gnatische Produkte enthait die In dem Teil (P) 55 
in Suspension vorliegen und nicht von der im- 
munologischen Reaktion und dem Magnetfeld 
batroffen sind. 



3. Verfahren zur Dosierung einer Immunokjglschen 
Substanz (X). die aus der Gruppe ausgewahlt ist. 
weiche aus den Antigenen und den Antikorpern be- 
steht, und geeignet ist, um in einer Testprobe vor- 
zuliegen. wobei das Verfahren. das von (i) magne- 
tischen Latexteilchen, (il) nicht-magnetischen Teil- 
chen und (iil) einer immunologischen Reaktion 

X + AntlX X-(AntiX) 

Gebrauch macht, dadurch gekennzeichnet ist. dafl 
es die Schritte umfaBt, bestehend aus: 

(1.) in Kontakt bringen der Testprobe, die die 
immunologische Substanz enthalten kann, in 
einer flOssigen Umgebung mit bioiogisch be- 
kannten Mengen 

(A) eines ersten Immunologischen Rea- 
gens in Suspenskxi in einem Tampon, das 
aus magnetischen Latexteilchen besteht, 
die durch einen ersten Bestandteil, der ein 
Antikorper (AntiX) der Immunotoglschen 
Substanz ist, sensibiiisiert sind. und 

(B) eines zweiten immunologischen Rea- 
gens in Suspenaksn in einem Tampon, das 
aus nicht-magnetischen Teikihen besteht, 
die durch einen zweiten Bestandteil, der 
die immunologische Substanz ist, sensibi- 
iisiert sind; 

(2.) Inkubieren der resuttierenden Reaktxsns- 
umgebung wahrend einer Zeitdauer unterhaib 
Oder gleich 1 h. um die immunologische(n) Re- 
alction(en) 

X + AntlX ->X-(AntiX) 

auszufOhren; 

(3.) Aniegen einee Magnetf ekies, um in der re- 
suttierenden Reaktionsumgebung die durch 
das Magnetfeld verlagerten magnetischen Pro- 
dukte von den nicht-magnetischen Produkten. 
auf die durch das MagnetfekJ nicht eingewirkt 
wird, zu trennen; und dann 
(4.) Auswerten der immunologischen Substanz 
(X), die in der Testprobe vorliegen kann. durch 
die Beobachtung des Teils (P) der resuttieren- 
den Realclfonsumgebung, der nur nicht-ma- 
gnetische Produkte enthait, die in dem Teil (P) 
in Suspension vorliegen und nicht von der im- 
munologischen Realction und dem Magnetfeld 
betrotfen sind. 

. Verfahren nach irgendeinem der AnspnQche 1. 2 
Oder 3, dadurch gekennzeichnet. dal) die Oauer der 
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Inkubation des Schritts (2.). in deren Verlauf sich 
die gesamten. immunologischen Reaktionen ent- 
wickeln. geringer als Oder gleich 45 Minuten ist und 
besser zwisctien 5 und 30 Minuten liegt. 

5. Verfahren nach irgendetnem der Anspruche 1. 2 
Oder 3. dadurch gekennzeichnet. daB die nicht-ma- 
gnetischen Teilchen kolloidaie Gold- Oder Si*berteil- 
chen sind. 

6. Verfahren nach irgendeinem der Anspruche 1. 2 
Oder 3. dadurch gekennzeichnet. da3 die nicht-n^a* 
gnetischen Teilchen Bentonit- oder AktivRohle-Teil- 
Chen sind. 

7. Verfahren nach Anspruch 1 . dadurch gekennzeich- 
net. da(3 (a) die zu testende immunologische Sub- 
stanz ein Antigen ist und (b) das ersta trrtmunologl- 
schs Reagens und das zweite immunologische 
Reagens jeweils einen spezifischen Antikorper der 
immunotogischen Substanz enthalten. 

8. Verfahren nach Anspruch 3, dadurch gekennzeich- 
net, da3 die zu testende immunologische Substanz 
X ein Antikorper ist, das erste immunologische Rea- 
gens einen spezifischen Antikorper AntiX der im- 
munologischen Substanz X enthalt, wobei der An- 
tikorper AntiX ein Anti(Antikdrper) ist, und das zwei- 
te immunologische Reagens einen Antikorper ent- 
halt, der die markterte immunologische Substanz 
ist 

'9. Verfahren nach Anspnich 1 . dadurch gekennzeich- 
net. daQ (a) die zu testende immunologische Sub- 
stanz X ein Antikorper ist und (b) das erste immu- 
nologische Reagens und das zweite immunologi- 
sche Reagens jeweils einen spezifischen Antikor- 
per AntiX der immunobgischen Substanz X enthal- 
ten. wobei jeder Antikorper AntiX ein Anti(Antik6r- 
per) ist. 

10. Verfahren nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet. daQ die Auswertung des Schritts (4.) 
durch die Messung der Anderung der optischen 
Olchte (00) ausgefQhrt wird, wobei die Anderung 
(i) proportional zur Konzentration an nicht-magne- 
tiscben Teilchen. die nicht von dem Magnetfeld be- 
Iroffen sind. in dem Teil (P) ist und (ii) invers propor- 
tional zur Konzentration der zu testende Substanz 
Xist 

11. Verfahren nach irgendeinem der AnsprOche 1-3. 
dadurch gekennzeichnet daB der Bestandteil des 
zvyeiten immunologischen Reagens an nicht-ma- 
gnetische Latexteilchen gebunden ist. 

12. Verfahren nach Anspmch 1 oder 10, dadurch ge- 
kennzeichnet. da3 die Auswertung des Schritts (4.) 



durch die Bestimmung der optischen Oichte durch 
Transmission. Diffusion, Fiuoreszenz. Phosphores- 
zenz. Lumineszenz oder Chemilumineszenz in Ge- 
genwart des Magnetfeldes ausgefuhrt wird. 

5 

13, Satz zur Dosierung oder zur Analyse einer immu- 
nologischen Substanz (X). die in einer Testprobe 
enthalten sein kann, gemaG dem Verfahren nach 
Anspruch 1, 2 Oder 3. wobei der Satz dadurch ge- 
^0 kennzekJhnet ist. dal3 er umfaGt 

- fOr die AusfOhrung des Verfahrens nach An- 
spruch 1: 

ein immunotogisches Reagens, das aus 
magnetischen latexteilchen besteht. die 
durch einen ersten Antikorper (AntiX) der 
Substanz X senstbtlisiert sind, und 
ein immunotogisches Reagens. das aus 
nicht-magnetlschen Teilchen besteht, die 
durch einen zwelten Antikorper der Sub- 
stanz X. der vom ersten Antikorper AntiX 
verschieden ist, sensibillsiert sind; 

25 . fflr die AusfOhnjng des Verfahrens nach An- 
spnjch 2, bet dem X ein Antikorper ist: 

ein immunotogisches Reagens. das aus 
magnetischen Latexteilchen besteht die 

^ durch ein erstes spezifisches Antigen des 

Antikdrpers X sensrbllisiert sind. und 
ein immunotogisches Reagens. das aus 
nicht-magnetischen Teilchen besteht. die 
durch ein zweites spezifisches Antigen des 

^ Antikdrpers X sensibillsiert sind, das vom 

ersten Antigen verschieden ist; und 

- fOr die AusfQhrung des Verfahrens nach An- 
spruch 3: 

40 

ein immunotogisches Reagens, das aus 
magnetischen Latexteltohen besteht die 
durch einen ersten Bestandteil sensibili- 
siert sind, der ein Antikorper (AntiX) der 
^ Substanz X Ist, und 

ein immunotogisches Reagens. das aus 
nicht-magnetlschen Teilchen besteht. die 
durch einen zwerten Bestandteil. der die 
Substanz X ist, sensibillsiert sind 

so 

14. Satz zur Dosierung nach Anspruch 1 3 zur AusfOh- 
rung dee Verfahrens nach Anspmch 1 . dadurch ge- 
kennzechnet daB. wenn die immunotoglsche Sub- 
stanz X ein Antigen ist, das erste immunologische 
5S . Reagens durch einen spezifischen monoklonalen 
Antikorper der zu dosierenden immunotogischen 
Substanz X senstbilisiert ist und das zweite inrvnu- 
notogische Reagens durch einen spezifischen mo* 
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nokionaian Antikdrper der zu dosierenden immuno- 
logischen Substanz X sensibllisiert ist. weteher vom 
vorhergehenden verschieden ist und an nicht-ma- 
gnetische Lalexteilchen gebunden ist. 

5 

15. Satz zur Oosierung nach Anspruch 13 zur AusfQh* 
rung des Verfahrens nach Anspruch 2. dadurch ge- 
kennzetchnel. daO. wenn die immunologische Sub- 
stanz X sin Antikbrper ist. das erste immunologi- 
sche Reagens durch etn speziftsches Antigen der fo 

• zu dosierenden immunologischen Substanz X sen- 
sibitisiert ist, und das zweite immunologische Rea- 
gens durch ein spezifisches Antigen der zu dosie- 
renden immunologischen Substanz X sensibilislert 
ist. welches vom vorhergehenden verschieden ist 
und an nicht-magnetische Latexteilchen gebunden 
ist 

16. Satz zur Oosierung nach Anspruch 13 zur AusfQh- 
rung das Vertahrens nach Anspnjch 1 , dadurch ga- so 
kennzeichnet, daO, wenn die immunologische Sub- 
stanz X ein Antigen ist, das erste immunologische 
Reagens durch einen spezifischen monoklonalen 
Antikorpar der zu dosierenden immunologischen 
Substanz X sensibiiisiert ist. und das zweite inrvnu- 2S 
nologtsche Reagens dunch eInen spezifischen mo- 
noklonalen Antikorpar der zu dosierenden immuno- 
logischen Substanz X sensibiiisiert ist, weteher vom 
vorhergehenden verschieden ist und an nicht-ma- 
gnetische kolloidaie Gold- Oder Sllbertellchen ge- 30 
bunden ist. 

17. Satz zur Oosierung nach Anspruch 13 zur AusfQh* 
rung des Verfahrens nach Anspruch 2. dadurch ge- 
kennzeichnet, dafl, wenn die immunologische Sub- 35 
stanz X ein Antikorper ist, das erste immunobgi- 
sche Reagens durch ein spezifisches Antigen der 

zu dosierenden immunologischen Substanz X sen- 
sibiiisiert ist. und das zweite immunologische Rea- 
gens durch ein spezifisches Antigen der zu dosie- 
renden Immunbiogischen Substanz X sensibiiisiert 
ist, welches vom vorhergehenden verschieden ist 
und an nicht-magnetische kolioidale Gold- oder Sil* 
berteilchen gebunden ist. 

4S 

1 8. Satz zur Dosiemng nach Anspruch 1 4 oder 1 5. da- 
durch gekennzeichnet. daS die nicht-magnetischen 
Latexteitehen gefarbt sind, fiuoreszieren, phospho- 
reszieren. lumlneszieren oder chemilumineszieren. 



Claims 

1. A method of assaying, by a direct back assay, an 
immunological substance (X) selected from the ss 
group consisting of antigens and antibodies and 
which may be present in a sample to be tested, said 
method, which uses (i) magnetic latex particles, (ii) 



non-magnetic particles and (iii) an immunological 
reaction : 

antigen + antibody -> antigen -antibody, 

said method comprising the steps consisting in • 

(T) bringing into contact in a liquid medium 
said sample to be tested and susceptible to 
contain said immunological substance with bi- 
ologically known quantities of 

(A) a first immunological reagent in sus- 
pension in a buffer and consisting of mag- 
netic latex particles sensitized by a first im- 
munological product, which is an antibody 
(antiX) raised against sati immunological 
substance, and , 

(B) a secoTKj Immunological reagent in 
suspension in a buffer and consisting of 
non -magnetic particles sensitized by a 
second immunological product, which is an 
antibody raised against said immunologi- 
cal substance, said second immunological 
reagent being (i) stoichiometrically in ex- 
cess vis-a-vis said substance X to be test- 
ed and (ii) different from said first immuno- 
logical reagent (antiX) ; 

(2°) Incubating the resulting reaction medium 
for a period lower than or equal to 1 h in order' 
to perform the irnmunological reaction(s) 

X4-antiX-4X-(antiX); 

(3*) applying a magnetic fieti to separate, in the 
resulting reaction medium, the magnetic prod- 
ucts displaced by sak^ magnetic field from the 
non-magnetic products unaffected by said 
magnetk: fiekl ; then 

(4^) evaluating saxi immunological substance 
(X), susceptible to be present in the sample to 
be tested, by the obsen^ation of a portkxi (P) of 
the resulting reaction medium containing only 
non-magnetic products in suspension in said 
portion P and unaffected by said immunotogical 
reactbn and said magnetk: fiekj. 

2. A method of assaying, by a direct back assay, an 
immunological substance (X) selected from the 
group consisting of antibodies and which may be 
present in a sample to be tested, sakj method, 
which uses (i) magnatic latex particles, (ii) non- 
magnetic particles and (iii) an immunological 
reaction : 
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anligen + antibody antigen -antibody 
said method comprising the steps consisting in : 

s 

(1*) bringing into contact in" a liquid medium 
said sample to be tested and susceptible to 
contain said immunological substance with bi- 
ologicaily known quantities of 

10 

(A) a first immunological reagent in sus- 
pension in a buffer and consisting of mag- 
netic latex particles sensitized by a first im- 
munoiogical product, which is an antigen 
specific of said immunological substance, is 
and 

(B) a second immunologicai reagent in 
suspension in a buffer and consisting of 
non-magnetic particles sensitized by a 
second immunological product, which is an 20 
antigen specific of said immunobgical sub- 
stance, said second immunological rea- 
gent being (i) stoichtometrically in excess 
vis-a-vis said substance X to be tested and 

(ii) different from said first immunological 2S 
antigen reagent ; 

(2*) incubating the resulting reaction medium 
for a period lower than or equal to 1 h in order 
to perform said immunological reaction(s} 00 

antigen + antibody antigen-antibody ; 

(3*) applying a magnetic field to separate, in the os 
resulting reaction medium, the magnetic prod- 
ucts displaced by sard magnetic field from the 
non-magnetic products unaffected by said 4« 
magnetic field ; then, 

(4^} evaluating said immunological substance 40 
(X), susceptible to be present in the sample to 
be tested, by the obsen/ation of a portion (P) of 
the resulting reaction medium containing only 
non-magnetic products in suspension in said 5. 
portion (P) and unaffected by said immunolog- <s 
ical reaction and said magnetic field. 

A method of assaying an immunological substance 
(X) selected from the group consisting of antigens 
and antibodies and which may be present in a sam- so $, 
pie to be tested, said method, which uses (i) mag- 
netic particles, (il) non-magnetic latex particleis and 
(iii) an immunological reactbn : 

7. 

X + antiX X - (antiX) ; 
said method comprising the steps consisting in : 



BI 34 

(1') bringing into contact in a liquid medium' 
said sample to be tested and susceptible to 
contain said immunological substance with oi- 
ologicaily iutown quantities of 

(A) a first immunological reagent in sus- 
pension in a buffer and consisting of mag- 
netic latex particles sensitized by a first im- 
munological product, which is an antibody 
(antiX) raised against said immunological 
substance, and 

(B) a second immunological reagent in 
suspension in a buffer and consisting of 
non-magnetic particles sensitized by a 
second immunologicai product, which is 
said immunologicai substance : 

(2**) incubating the resulting reaction medium 
for a period lower than or equal to 1 h in order 
to perform said immunological rsaction(s) 

X + antiX -> X - (antiX) ; 

(3") applying a magnetic field to separate, in the 
resulting reaction medium, the magnetic prod- 
ucts displaced by said magnetic field from the 
non-magnetic products unaffected by said 
magnetic field ; then. 

(4*) evaluating said Immunological substance 
(X), susceptible to be present in the sample to 
be tested, by the observation of a portion (P) of 
the resulting reaction medium containing only 
non-magnetic products in suspension in said 
. portion (P) and unaffected by said immunolog- 
ical reaction and said magnetic field. 

A method according to claim 1 , 2 or 3, wherein the 
incubation of step (2'), during which all the immu- 
nobgical reactions develop, has a duration bwer 
than or equal to 45 minutes and preferably in the 
range between 5 and 30 minutes. 

A method according to claim 1. 2 or 3. wherein the 
non-magnetic particles are colbidal particles of 
gold, or colloidal particles of silver, particles of ben- 
tonite. particles of activated charcoal or latex parti- 
cles. 

A method according to claim 1 , 2 or 3. wherein the 
non-magnetic particles are particles of bentonite or 
activated charcoal. 

A method according to claim l. wherein (a) the im- 
munological substance to be tested is an antigen, 
and (b) the first immunological reagent and the sec- 
ond immunological reagent comprise each a spe- 
cific antibody of said immunobgical substance. 
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8. A method according to claim 3, wherein the Immu- 
nological substance X to be tested is an antibody, 
the first immunological reagent comprises a specific 
antibody (anliX) of said immunological substance 
X. said antiX antibody being an antl(antibody), and 
;he second immunological reagent which is an an- 
tibody consisting of tag-containing X. 

9. . A method according to claim 1 . wherein (a) the im- 
munological substance X to be tested is an anti- 
body, and (b) the.first immunlogical reagent and the 
second immunological reagent comprise each a 
specific antibody (antiX) of said immunological sub- 
stance (X), each antiX antibody being an anti(anti- 
body). 

10. A method according to claim 1 or 2, wherein the 
evaluation of step (4'') is perlormed by measuring 
a variation in optical density (00), said variation be- 
ing (i) proportional to the concentration of non-mag- 
netic particles in said portion (?) which are unaffect- 
ed by the magnetic field, and (ii) inversely propor- 
tional to the concentration of said substance X to 
be tested. 

t1. A method according to claim 1, 2 or 3. wherein the 
second immunological reagent is bound to non- 
magnetic latex particles. 

12. A method according to claim 1 or 10. wherein the 
evaluation of step (4*) is perfomied. in the presence 
of the magnetic field, by the determination of the op- 
tical density by transmission, diffusion, fluores- 
cence, phosphorescence, luminescence or chemi- 
luminescence. 

1 3, A kit to assay or determine, according to the method 
of claim 1, 2 or 3, an immunologicai substance (X) 
susceptible to be present in a sample to be tested, 
said kit being characterized in that it comprises 40 

- for carrying out the method of claim 1 : 

an immunoiogicai reagent consisting of 
magnetic latex particfes sensitized by a 45 
first antibody (antiX) raised against sakj im- 
munofogical substance X. and 
an immunological reagent consisting of 
non-magnetic particles sensitized by a 
second antibody raised against said sub- so 
stance X and different from said first antiX 
antibody; 

for carrying out the method of claim 2, wherein 
X is an antibody : 55 

an immunoiogicai reagent consisting of 
magnetic latex particles sensitized by a 



first antigen specific of said immunological 
substance X. and 

an immunological reagent consisting of 
. non-magnetic particles sensitized by a 
s second antigen specific of said immuno- 

logical substance X, and different from said 
first antigen : and. 

• for carrying out the method of claim 3 : 

10 

an immunological reagent consisting of 
magnetic latex particles sensitized by a 
first antibody (antiX) raised against said im- 
munological substance X. and 
an immunological reagent consisting of 
non-magnetic particles sensitized by a 
second immunological product, which is 
said substance X. 

20 1 4. A kit according to claim 1 3 for carrying out the meth- 
od of claim 1, wherein, when said immunological 
substance X is an antigen, the first immunological 
reagent is sensitized by a specific monoclonal anti- 
body (antlX) of the immuhok>gical substance X to 
25 be assayed, and the second immunological reagent 
is sensitized by a specific monoclonal antibody of 
said immunological substance X to be assayed, 
which is different from the preceding one and is 
bound to non-magnetic latex particles. 

30 

15. A kit according to claim 1 3 for carrying out the meth- 
od of claim 2, wherein, when said immunological 
substance X is an antibody, the first immunotogical 
reagent is sensitized by a specific antigen of the im- 
munological substance X to be assayed and the 
secord immunological reagent is sensitized by a 
specific antigen of said immunological substance X 
to be assayed, which is different from the preceding 
one and is bound to non-magnetic latex particles. 

16. A kit according to claim 13 for carrying out the meth- 
od of claim 1, wherein, when said immunological 
substance X is an antigen, the first immunoiogicai 
reagent is sensitized by a specific monoclonal anti- 
body of the immunotogical substance X to be as- 
sayed, and the second immunoiogicai reagent is 
sensitized by a specific monoclonal antibody of said 
Immunological substance X to be assayed, which 
is different from the preceding one and bound to 
non-magnetic particles of collok^ gold or silver. 

17. A kit according to claim 1 3 for carrying out the meth- 
od of claim 2, wherein, when said immunological 
substance X is an antibody, the first immunological 
reagent Is sensitized by a specific antigen of the im- 
munological substance X to be assayed, and the 
second immunological reagent is sensitized by a 
specific antigen of saM invnunological substance X 
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to be assayed, which is different from the preceding 
one and bound to non-maynetic particles of colloi* 
daf^otd or silver. 

18. A kit according to claim 1 4 orl 5, wherein the non- 
magnetic latex particles are colored, fluorescent, 
phosphorescent, luminescent or chemilumines- 
cent. 
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